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ABSTRACT

In 1979 this study was initiated to determine the distribution,
contribution, and value of artificially propagated fall chinook salmon
from the Columbia River. Coded wire tagging of hatchery fall chinook
salmon began in 1979 with the 1978 brood and was completed in 1982 with
the 1981 brood of fish at rearing facilities on the Columbia River
system. From 18 to 20 rearing facilities were involved in the study
each brood year. Nearly 14 million tagged fish, about 4% of the
production, were released as part of this study over the four years,
1979 through 1982. Sampling for recoveries of these tagged fish
occurred from 1980 through 1986 in the sport and commercial marine
fisheries from Alaska through California, Columbia River fisheries, and
returns to hatcheries and adjacent streams.

The fish from this study were recovered primarily in the British
Columbia and Washington ocean fisheries and the Columbia River
commercial gillnet fisheries. The average proportions recovered by
fishery are 3.6% for Alaska, 42.4% for British Columbia, 27.0% for
Washington, 4.7% for Oregon, 0.3% for California, 21.9% for Columbia
River, and 0.1% for foreign fisheries. The contribution rates by
fishery varied among the broods. The contribution was greater to the
Alaska and British Columbia fisheries in the 1980 and 1981 broods.

It is estimated that 1,020,800 fall chinook salmon from rearing
facilities participating in this study were recovered in the Pacific
coast fisheries from 1980 through 1986. The average fishery recovery
per 1000 fish released is 2.9. The recovery rates by brood are 3.3,
4.7, 1.9, and 2.0 per 1000 releases for the 1978 through 1981 broods
respectively. There is considerable variation among rearing facilities
within a brood. The lowest fishery recovery per 1000 releases is 0.1
for Elokomin Hatchery, 1978 brood. The greatest ratio is 12.7 fish per
1000 releases from Spring Creek Hatchery, 1979 brood.

Rearing facility and adjacent stream returns in general followed the
same trend as the fishery contributions. If a release from a particular
rearing facility had a grater than average fishery contribution, the
hatchery return was also grater than the average.

Total survival (fishery recovery and spawning escapement) for all broods
combined is 0.33%. Survivals by brood are 0.33, 0.46, 0.28. and 0.25%
for the 1978 through 1981 broods respectively. Survivals among rearing
facilities ranged from 0.01% (Elokomin Hatchery, 1978 brood) to nearly
1.5%. (Spring Creek Hatchery, 1979 brood).

The total cost of rearing the four broods of fall chinook salmon is
$6,334,000. The value of the fishery recovery from the rearing
facilities participating in this study is estimated at $36.242.000. for
a benefit to cost ratio of 5.7/l. The benefit to cost ratios by brood
are 7.8/l,  9.8/l, 3.6/l,  and 2.5/L for the 1978 through 1981 brood
respectively. The range among rearing facilities is from 0.2/l (Lit:Le
White Hatchery, 1978 brood) to 26.6/l (Spring Creek Hatchery, 1979
brood).



Historically the Columbia River system produced the worlds' largest runs
of chinook salmon (Oncorhynchus tshawytscha) (Van Hyning 1973). Craig
and Hacker (1950) estimated that when white men first arrived on the
Columbia River, 50,000 Indians were catching 18 million pounds of
salmon. Salmon fishing was one of the inducements for settling the
Columbia Basin. It provided lucrative employment for thousands and
directly or indirectly provided the means for many to make their
fortunes (Hume 1893). In 1832, Captain Nathaniel J. Wyeth came to
Oregon from Massachusetts, established Fort Hall on the Lewis River (a
tributary of the lower Columbia River), and became the first person to
commercially fish for salmon on the Columbia River (Cobb 1930). The
first canning operation on the Columbia River was started by William
Hume and his partners in 1867 (Craig and Hacker 1950). Between 1875 and
the mid-1920's, the annual catch of chinook salmon in the Columbia River
averaged 20 to 40 million pounds (Van Hyning 1973). The greatest canned
salmon pack of 40 million pounds occurred in 1883 (Hume 1893; Van Hyning
1973). The first notable report of sport fishing on the Columbia was in
1889 when Rudyard Kipling reported his fishing experiences on the
Willamette  River near Willamette Falls (Cobb 1930). In the 1920's it
was not uncommon to see 500 boats, containing 1 to 6 sport salmon
fisherman, on a day in April or May on the Willamette  River (Cobb 1930).

Bean et al. (1938) estimated the annual retail value of commercially
caught fish from the Columbia River was about $10 million. Richards
(1968) estimated the gross value of commercially harvested chinook
salmon by non-Indian commercial fisheries in the Columbia River in 1965
was $4.4 million. The value of the Indian catch of chinook was
estimated at $293,400, and the net economic value for the Columbia River
sport catch of chinook salmon was $2.3 million (Richards 1968). Helsing
(1972) estimated that in 1968 the total value of the anadromous salmonid
resources from the Columbia River was $34.8 million, and the net benefit
to the national economy produced by Columbia River anadromous fish was
$15.0 million.

Initial declines in catches of chinook salmon on the Columbia River
first occurred in the 1880's. Catches fluctuated from 1890 through the
mid-1920's and then began a steady decline. These reduced catches were
caused by over fishing and degradation and destruction of spawning
grounds due to logging, mining. and irrigation practices (Craig and
Hacker 1950; Van Hyning 1973). Construction of dams on the main stem of
the Columbia River for irrigation and electrical power in the 1930's
added to the decline of populations of chinook salmon (Craig and Hacker
1950). Populations of chinook salmon where further impacted when dam
construction proliferated from the 1950's though the 1970's (Schoeneman
et al. 1961; Raymond 1979).

As mitigation for loss of natural spawning habitat, a massive artificial
rearing program for salmon and steelhead (Oncorhynchus sp.) was
undertaken on the Columbia River. Salmon and steelhead  hatcheries were
constructed or renovated under the Lower Columbia River Development
Program (Laythe 1948). Under the Columbia River Fisheries Development
Program alone $31.5 million dollars were expended for hatchery
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construction and another $137.5 million for operation and maintenance
and hatchery evaluation programs between 1949 through 1987 (Delarm and
Smith 1988). The Bureau of Reclamation funded construction of
hatcheries on tributaries to the Mid-Columbia River as mitigation for
Grand Coulee Dam (Fish and Hanavan 1948). The U.S. Army Corps of
Engineers funded construction and renovation of hatcheries as mitigation
for Snake River and Columbia River dams (Hansen, Ewing, and Martin 1980;
Tuss 1982; Crateau 1989). Private and public utilities constructed
spawning and rearing facilities in Washington and Idaho as mitigation
for dams throughout the upper Columbia River Basin (Meekin and Moser
1966; Allen 1970; Reingold 1978).

The previously mentioned salmon and steelhead culture programs were not
the first to occur on the Columbia River system. The first salmon
hatchery was constructed on the Clackamas River (an Oregon tributary :o
the Columbia River) in 1876. The first salmon hatchery in the state of
Washington was built in 1895 on the Kalama River (Cobb 1930).

Studies to determine the impact of the artificial salmon culture
programs began in the 1920's. Rich and Holmes (1928) reported on
marking experiments with chinook salmon on the Columbia River from 1915
to 1927. These studies were the first to indicate the extended
migration of Columbia River chinook salmon as far north as Southeastern
Alaska. Snyder (1923) reported on recoveries of chinook salmon marking
experiments at Mount Shasta Hatchery on the Sacramento River and Fall
Creek Hatchery on the Klamath River in California. The Pacific Marine
Fisheries Commission sponsored the first coastwide salmon marking and
recovery experiment at hatcheries in California, Oregon, and Washington
in 1950 and 1951 (Hallock, Warner, and Fry 1952; Junge and Bayliff 1955;
Van Hyning 1973). A major hatchery evaluation program began in 1961 on
the Columbia River. Sockeye salmon (0. nerka) at Leavenworth National
Fish Hatchery on a tributary of the Wenatchee River were fin and
maxillary marked for four years (Wahle, Koski, and Smith 1979). Marking
of four brood years of fall chinook salmon began at Columbia River
hatcheries in 1962 (Wahle and Vreeland 1978). In 1966 three brood Years
of coho salmon (0. kisutch) were marked at Columbia River hatcheries
(Wahle, Vreeland, and Lander 1974). In 1965 a three year study of
hatchery contribution to the fisheries was begun at hatcheries rearing
coho salmon on tributaries to Puget Sound in Washington (Senn 1970a;
1970b; 1971). With the advent of the coded wire tag (CWT) (Bergman e:
al. 1968), a multitude of studies have been conducted to determine the
fishery contribution and survival of salmon from hatcheries on the
Pacific coast of North America (Pacific Marine Fisheries Commission
1988).

In 1979 the Bonneville Power Administration (BPA) began funding a study
to determine the distribution, contribution, and value of fall chinook
salmon raised at Columbia Ri-rer rearing facilities. This tagging s:udy
provides data to determine the effectiveness of hatcheries constructed
as mitigation for hydroelectric developments. In addition, :hese data
can aid fishery agencies in planning further measures to protect,
mitigate, and enhance salmon runs on the Columbia River. This
information is important to regulating bodies, such as the Pacific
Fishery Management Council, charged with negotiating, setting, and
adjusting fishing seasons, location, and limits. The last comprehensive
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examination of fishery contributions of fall chinook from Columbia River
hatcheries was completed over fifteen years ago (Wahle and Vreeland
1978). After that fin-marking study was completed, it became part of
the basis for current fishery regulations. Since completion of that
study, new rearing facilities have been built, existing facilities
renovated, changes in sport and commercial fisheries have occurred, and
hatchery practices have been altered.

METHODS AND MATERIALS

The National Marine Fisheries Service (NMFS) coordinated this study
among three fishery agencies: U.S. Fish and Wildlife Service (USFWS),
Oregon Department of Fish and Wildlife (ODFW). and Washington Department
of Fisheries (WDF). The objectives of this study were to determine the
distribution, fishery contribution, survival, and value of the
production of fall chinook salmon from each rearing facility on the
Columbia River system to Pacific coast salmon fisheries. To achieve
these objectives fish from each hatchery were given a distinctive CWT.

Assumptions

Marking all fall chinook salmon at a rearing facility would have been
cost prohibitive, thus a sample of fish was selected for tagging. To
apply the recovery of tagged fish to the total population of fish from a
facility requires seven assumptions. These assumptions are:

1. Fish to be tagged are representatively sampled and receive the
same treatment as untagged fish before and after marking.

2. Tagged fish are identifiable throughout their life.

3. Tagged and untagged fish have the same growth and survival
rates and maturity schedules.

4. Tagged and untagged fish have the same marine distribution and
vulnerability to the catch.

5. The probability of a fish being sampled is independent of
whether it is tagged or untagged.

6. All tagged fish in the sample are recognized and correctly
identified and reported.

7. The tag is not duplicated for any other study.

The appropriateness  of.the estimating  procedures used in this study and

the conclusions which can be drawn are dependent on the validity of
these assumptions. In some cases precautions were taken and data
collected to check the assumptions or adjust for deviations from them
(Assumptions 1, 2, 3, 6, and 7). In other cases the assumptions had to
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be accepted on faith in order to proceed with the study (Assumptions 4
and 5).

Sampling Fish for Tagging

From 18 to 20 facilities rearing fall chinook salmon on the Columbia
River were included in this study each year (Figure 1). Sampling
devices developed by WDF  and NMFS were used to obtain a random sample of
fish for tagging. A sample of fish was removed from all rearing
environments at a facility. The rigorous sampling procedure was
followed to ensure the validity of Assumption 1 (fish to be tagged are
representatively sampled). The intent of the sampling devices was to
place as little handling stress on the fish as possible and accomplish
the sampling in a timely manner. A fish pump removed fish from the
raceways at a facility and delivered them to the samplers. The NhFS
sampler was an "A" shaped inclined plane table (Figure 2). Fish and
water from the pump upwelled at the top of the "A" (A, Figure 2), flowed
over a perforated plate to remove excess water, and off the foot of the
table to a return trough. The foot of the table was divided into 20
sections of equal width (B, Figure 2). In theory, the fish spread
evenly across the table and 5% of the population passing over the
sampler traveled through each of the 20 sections. A chute the width of
one of the sections, attached to the foot of the table, allowed fish to
pass over the return trough and into a receptacle. These fish were
retained for tagging. The chute could be the width of one, two, or more
sections to remove a 59, lo%, or larger sample.

In the incremental sampler (Figure 3) (Foster 1981), developed by WDF,
fish and water from the fish pump upwelled at the rear of the sampler
(Figure 4). Excess water was removed as the fish slid across a bar
grate to a "Y" shaped discharge pipe (Figure 5). Water jets, activated
by a solenoid, forced fish down one of the two discharge arms of the Y.
To obtain a 5% sample, one jet sprayed for 5% of the time and the other
for 95% of the time. The jets frequently activated alternately
throughout the sampling process (for example every 20 seconds), creating
as random a sample as possible. The 5% sample was retained for tagging.

Both samplers were tested to determine the percentage of fish removed
during the sampling process. The tests were not completely successful
because it appeared the samplers operated best with a large sample size
and a steady supply of fish. Inconsistent results were obtained when
small test lots of fish were sampled. Neither device was adequately
tested to determine if each fish had an equal chance of being sampled or
if the sample fish were representative of the entire population. It was
assumed that the sampling process produced the closest possible
approximation to a random sample.

Sampling of fall chinook salmon populations at each facility was
accomplished with the sampling devices where possible. At some
facilities this was not possible due to the limited amount of sampling
equipment, inability to reach the rearing environments with the fish
Pumps* or rearing environments that would not allow crowding and
sampling the entire population of fish (large release ponds). In the
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Figure 2.--Front  view of the NMFS fish sampler,  upwell
section (A) and diided lover end (B).

Figure 3.4de view of the WDF incremental fish sampler.
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Figure 4.--Fish upwelling into the rear of the WDF sampler.



Figure 5.--Water jets forcing fish down a discharge arm
of the WDF sampler.



large release ponds (Stayton Pond for example), the fish to be tagged
were seined from the periphery of the pond. Where the entire population
of a rearing environment could be crowded into a small area but the
mechanical sampling devices could not be used, fish to be tagged were
obtained by handling the entire population with a dip net and setting
aside a systematic sample (one in every 20 nets of fish for example).
The sampling method used at each facility is presented in 'le hatchery
data forms in Appendix A.

In 1979. the first year of the study, 5% of the production of fall
chinook salmon at each rearing facility was removed for tagging. In
some cases, the 5% sample was not large enough to meet the gcal of
examining the contribution to the fisheries of the production from a
facility. In these situations, additional fish were removed and a
separate tag code applied to these fish. In subsequent years (1980 -
1982). the proportion removed for tagging at facilities with large fall
chinook salmon productions was reduced to 2.5% (Spring Creek, Little
White Salmon, Bonneville, Big Creek, and Klaskanine hatcheries) to
reduce the cost of tagging and the time required.

At some facilities, fish were sampled as much as two months prior to
tagging. This was done at the time of transferring fish to release
ponds at several WDF facilities. At the time of transfer, the fish were:
too small to be tagged with a standard sized CUT. The fish to be tagged
were held separately in raceways and mixed with the appropriate
populations of untagged fish after tagging. In most cases, sampling
occurred just prior to tagging. The times of sampling and tagging are
presented in the hatchery data forms in Appendix A.

Tagging Procedures

Personnel from the participating agencies tagged a portion of the fall
chinook salmon production at most Columbia River facilities rearing this
species. Tagging did not occur at some facilities because of lack of
funds (Clatsop County Ponds, 1978 brood), logistical constraints (Big
White Pond, 1979 brood), and emergency releases of fish (Lorer Kalama
Hatchery, 1978 brood; Clatsop County Ponds, 1979 brood; and OXBOW. 1980
brood). Tagging of fall chinook salmon for purposes other than the
hatchery evaluation study occurred at some facilities (Spring Creek,
Bonneville, and Big Creek hatcheries). Fall chinook salmon at each of
the facilities participating in this study received a dLstinctive  mark
consisting of an adipose fin clip and insertion of a ur!ique CWT  in the
snout. This insured Assumption 7 (no duplication of mark) was valid
since the reuse of a code is not allowed (Pacific Marine Fisheries
Commission 1988). From 2.5 to 5 percent of the productian at each
facility was randomly selected for tagging.

ODFW and USFUS personnel used a mobile tagging unit constructed by NMFS
with WA funds to tag fish a their facilities. WDF used their own
tagging equipment. Tagging began in mid February each year and
extended into early July. At ODPU and USRJS facilities, fish were
anesthetized, the adipose fin removed with bent-nose scissors, and a
co&d wire tag was inserted into the cartilage in the snout of the fish.
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At UDF facilitioa, the fish n -timtSud  gd eho #$pmaa fin
romcmd, than tha fish were later axm#dmtited againand the.- $.
inserted.

Tagging of the 1978-brood fall chinook salmon be- iqpebxuary 4 lb79.
The f&ml you of tagging for this smady.uas 1982, m t&e 1981-broqd
fish mrw tagged. Ovu the fmr brood yeam-,. d$brough 198&, -xyrly
15 million fall chinook salmon ware tag@.- The mmbors tags@ ,for each
brood y& were 4,379,300. 3,009,900, 3.,660,500, am#.&~51,300
rupacttve&y. The xumbers of fish tagged at euh faci,&ity ue presented
inthehat&uydatafomsinAppmdixA.

Except for the 1978-brood fall chixmokrt ODFW rad ~SFU%f~ilities,
tagged fish were returned to the populat$on  of unwd fisl.fw,uhich
they -. This helped to insuro kmaption 1 (equal treatment of
tagged and untagged fish after tagging) w valid.- Se-ate hoi- of
tagged fish after tagging occurred in 1979 because.it  was thou&t.that
untagged fish would have a competitive advantage over tagged fish vhile
the tagged fish vere recovering from marking stress. This could result
in untagged fish being luger than tagged fish at release, which might
influence survival. However, separate holding of tagged and untagged
fish could not be accomplished at all facilities due to limited reuing-
w-e- In addition several prohlen arose with the separate holding.
Insome cases, tagged fish were held in substantially different rearing '
enviromeats (concrete racewqs vs. dirt bottom mleasr.pomds).- The
differa&  enviromts could have caused diffuence+:in grouth &:
sumival. At SpringCreekEatchuy,  therewas son evidonm tlut.evm
when the holding enviroawptswue the sari for thetaggedand.untagged
fish, size diffuences occurred. The tagged-fish for the eul--+a,:
release at Spring Creek appeared to be smaller than the untagged fish-
(337 fish/kg for tagged fish and 276 fish/kg for untagged fish for the
Harcb 1979 release). This could have been due to thecloa+nesr of
tagging to release and the tagged fish not recover- sufficiently from
the stress of tagging to make up the growth advantagogained  by-the
untagged fish. In a later release, the tagged fish appeared to be
larger then the untagged fish (172 fish/kg for tagged fish amd 185
fish/kg for the untagged fish for the April 1979:release).  This could
havebeendue  tolightu fishdensities  in the tagged fish racuaym than
the untagged fish raceways. The obsemed differences.cou%d aXso hme

. been due to sampling error. To preventamybias  cawedby seguate
holding, taggwi fish uere mixed with the .imtagged populations from uhich
they can for the 1979 through 1981 broods. f.

Prerelease Sampling

During the tagging operation at each facility, trgging supervisors
randomly removed a minimum of 2,000 tagged fish. These fish were held
separately and were examined at the time of the facility's production
release to determine tag retention at release. Tagging supervisors
examined mortalities in the ponds after tagging to determine the mmber
of tagged fish dying prior to release. In some cases, the mortalities
of tagged fish and the tag loss estimate were subtracted from the mmber
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of fish tagged to estimate the releases of tagged fish. In these cases,
the total release was estimated from facility records.

Just prior to release, fall chinook populations at most participating
facilities were sampled to determine the tagged to untagged ratios.
This was accomplished at ODN and USFUS facilities by passing the
populations of one fourth to one half of the raceways through the NEWS
sampler. A 101 sample was removed and passed though the sampler again
to obtain a 1% sample of the population of the raceways. The fish in
the 1% sample were examined for tags, and a tagged to untagged ratio was
developed. The ssmple ratio was expanded to estimate the tagged and
untagged fish released. At UDF facilities, hatchery records, the
proportion of fish removed for tagging, and sampling for the tagged to
untagged ratio at release were all used to estimate the tagged,
untagged, and total releases. The specific method for estimating
release numbers for each hatchery each year is contained in the hatchery
data forms in Appendix A.

Releases

Production releases of fall chinook salmon generally occurred in Hay am&
June at the facilities. Spring Creek Hatchery made releases in March,
April, hay, and August of each year. September releases occurred at
Speelyai, Uashougal, and Cowlitz hatcheries for the 1978, 1980, and 1981
broods. A group of 1978-brood  fall chinook salmon was released in
October from Cowlitz Hatchery. Cowlitx Hatchery also made releases of
yearling fall chinook salmon, from the 1979 brood, in March and April of
1981.

Releases generally occurred directly from the rearing facility with some
notable exceptions. No releases were made directly from Stayton Pond.
All fish were transported to release sites throughout the Uillamette
River basin. The 1979-brood  fall chinook salmon at Cowlitz Hatchery
were transported to tributaries outside the Cowlitz drainage due to the
eruption of Ht St. Helens which caused high silt loads in the lower
Cowlitz River. The 1979-brood  fall chinook salmon from OxBow Hatchery
were transported by truck upriver to HcNary Dam, placed in a barge,
transported downstream in the barge, and released below Bonneville Dam.
A group of 1980-brood  fish from Spring Creek Hatchery was transported to
a tributary of the Columbia River above John Day Dam for release. Two
groups of 1981-brood  fish from Spring Creek and Bonneville hatcheries
were transported upstream and released into the Umatilla River. The
upriver transport programs were conducted to exsmine the return location
of the transported fall chinook salmon and to determine if Indian
fisheries above Bonneville Dam could be enhanced by upriver releases.
Detailed release dates and locations are presented in the hatchery data
forms in Appendix A.

.
Downstream Migration Sipling

Research personnel from NIWS, Northwest Fisheries Center sampled the
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Columbia River estuary and marine waters near the mouth of the Columbia
River during the downstream migration of the four broods of fall chinook
salmon (Dawley et al. 1986). The purposes of this sampling were to: 1)
define migrational characteristics of marked salmonid stocks from
release site through the estuary, 2) provide data to assist in
evaluating different hatchery production techniques within a release
year, and 3) determine juvenile survival to the estuary for selected
stocks and compare this survival with fishery contribution and hatchery
returns of these stocks.

In general sampling crews collected fish in beach and purse seines one
to seven days per week from March through September. Juvenile salmonids
captured were sorted from the catch and examined for marks and brands.
Fish with an adipose fin clip were sacrificed to obtain CUT'%. In
addition data were maintained of fish sizes, movement rates, and feeding
rates of tagged groups recovered at Jones Beach (Dawley et al. 1986).

In 1979 and 1980, juvenile salmonids passing six dams on the Columbia
and Snake Rivers were collected and examined. This was done as Dart of
the smolt migration timing and transportation research being conducted
by NhFS (Raymond and Sims 1980; Sims et al. 1981). At McNary and John
Day Dams, fish passing through the fingerling collection facilities were
examined for marks and brands. NhFS personnel sacrificed up to 75
adipose marked fish per day at each facility and extracted CUT'%. In
1979 sampling at l&Nary and John Day dams took place from April 9 to
August 24 and April 4 to December 3, respectively. In 1980 sampling
took place at the same two dams from April 3 to August 15 and April 14
to December 3, respectively. This sampling effort is of interest to
this study because tagged fall chinook salmon from Priest Rapids
Hatchery migrated past these two dams.

Fishery Sampling

State fishery agencies and the Department of Fisheries and Oceans in
British Columbia provided personnel to examine sport and commercial
catches of salmon at major marine fishing ports from Alaska through
California (Figure 6). The goal of this sampling was to examine 20% of
the catch of salmon for marks. When a salmon with a missing adipose fin
was observed, the samplers recorded lengths, in some case took scales
for aging, and removed the snout of the fish. The fish snouts were sent
to head dissection labs where the wire tags were extracted and read, and
the information recorded. Commercial and sport catches of salmon on the
Columbia River were ssmpled in the same manner. Marine and Columbia
River fishery sampling occurred throughout this study. Recoveries of
the 1978-brood began in 1980. Fishery recoveries of the 1981 brood were
completed in 1986.

Rearing Facility and Adjacent Stream Sampling

Personnel from WDF, ODFU, and USAJS in most cases examined all returning
fall chinook at participating facilities for the absence of fins.
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Biological &ta were collected from untagged returns at a predetermined
systematic sampling rate. Samplers removed the snout of all fish with a
missing adipose fin. The biological data were collected to estimate the
ages of untagged returning fish. The age structure for tagged and
untagged fish can be compared to determine if tagging changes the age
distribution of returns.

Spawning ground survclys  on the streams where the rearing facilities are
located and on adjacent streams also occurred. Snouts were removed from
all salmon suspected of being tagged. Biological data were collected
from all tagged fish recovered.

Fishery Contribution Estimation

The contribution of the fall chinook salmon from Columbia River rearing
facilities was estimated from the number of tagged fish from these
facilities recovered in the Pacific coast fisheries. The sampling
agencies expand the number of tags observed in the fishery sampling to
the entire catch during the year. The estimated tag recoveries were
divided by the proportion of tagged fish at release to estimate the
fishery contribution of the fall chinook salmon from each hatchery. The,
proportion of tagged fish at release was adjusted for the number of
tagged fish removed in the estuary sampling effort. However, no
adjustment was made for other potential selective mortality of tagged fish
after release. This mortality has been shown to be substantial in past
studies where fish were marked by removing fins and maxillary bones
(Wahle, Vreeland, and Ian&r 1974; Uahle and Vreeland 1978). However,
the excision of an adipose fin and insertion of a CWT is believed to
have negligible impact on survival of salmon after release (Bergman
1968; Eames and Hino 1983; Zajac 1985).

Benefit/Cost Estimation

The benefits of the catch of fall chinook salmon from this study were
developed using a method described in an unpublished report by Richards
(1987). Values per fish caught were presented in the report for both
commercial and sport fisheries for the years 1980 through 1984. The
comercial values were based on average price per pound paid to the
fishermen for the fish by area (Alaska, Washington, Oregon, and
California). Washington data were used for British Columbia.
values were based on the value per fishing trip.

The sport
These values were

weighted by the proportion of fish from each facility caught in each of
the fisheries to yield a value of the fish caught from each facility.
These values were then multiplied by the total contribution of fish from
each facility by brood to yield the benefit of the contribution to the
fisheries.

Costs for rearing the 1978 through 1981 broods of fall chinook salmon
were provided by the operating agencies.
chemicals and drugs,

The costs include: fish‘food,
labor, transportation of fish and goods, supplies,

equipment, power, and overhead. No capital costs were included.
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Releases

Nearly 14 million tagged fall chinook salmon from four brood years were
released from the participating facilities. Releases were 4,035,100,
2.864.700, 3,466,400,  and 3.475.500 for the 1978 through 1981 brood
years, respectively. The proportions of tagged fish released each year
were 4.4, 3.5, 3.9, and 4.1 for the four broods, respectively. Total
annual releases ranged from 81 to 92 million fish from the participating
facilities (Tables l-4).

Downstream Migrant Recoveries

Recoveries of most tagged groups occurred in the downstream sampling
(Tables 5-8). Recovery numbers ranged from none for some codes to over
2200 for one tag code. Recovery numbers were greatest for the 1978
brood of fish and steadily declined for the other three broods. The
recovery numbers are a function of the number of fish tagged, the
sampling effort, fish size, migration distance, river flow at the time
of recovery, and the survival of the fish to the sampling site. More
1978-brood fall chinook salmon were tagged than for other broods, and
the sampling effort was greater in 1979 than in subsequent years. In
1981 and 1982, sampling was limited to Jones Beach, 75 k upstream from
the Columbia River mouth. Estuarine recoveries of most tag groups began
within one week of release. .The length of time between release and
first recovery was a function of the distance between the release and
recovery sites and the rate of migration of the fish. The final
recoveries of most groups occurred within one to two months after
release. In a few instances, recoveries were made a year after the
release of the group (Priest Rapids Hatchery, 1978 brood; and Ealama
Falls and Lewis River hatcheries, 1979 brood). Recoveries of yearling
migrant fall chinook salmon from Priest Rapids Hatchery (17 observed
fish) occurred at HcNary Dam. The two yearling migrants from Ralama
Falls and Lewis River hatcheries were recovered at Jones Beach.

Fishery and Age Distribution of Catch

Fall.chinook salmon tagged for this study were caught in fisheries from
Alaska to California. Distributions of the catch by brood year and area
of catch are presented in Figure 7. Approximately 90% of the catch of
fall chinook salmon tagged for this study occurred in three areas:
British Columbia, Washington, and the Columbia River. For the four
brood years combined, 3.6% of the fish were caught in Alaska fisheries,
42.4% in British Columbia fisheries, 27.0% in Washington fisheries, 4.7%
in Oregon fisheries, 0.3 % in California fisheries, 21.9% in Columbia
River fisheries, and 0.1% as incidental catch in foreign fisheries in
the Pacific Ocean off the North American coast. The proportion of the
catch recovered by area varies considerably among the brood years. The
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Table l.--Releases  of 1978-brood  fall chinook salmon from Cold18  Rimr facllrles in 1979.

Rearm Faclllc~

Trued Ii8h Ad (hly ?leh I: -8 Ibrrkod Fl8h Tot81

94 codo 9dUSd Rde8Sd Reteat Relo88ed Releue ?lsh/lb Rdeue  Dee8

A8ERnAIuY  UATCRERY

BIG CRE&K WTCUERY 07-18-44 224,900 26,400 89.5. 4.9w.WO 5.247.300 81

04117 - 05118

04117 - 05118

05121

BIG UIIITE  FOND 05-04-43 141,400 3,200 97.8 2.984.1W 3.028.700 69 05121

BaulEvILLE  HAKHERY 07-18-42

07-m-43

287.900

15,100

5.500

200

99.1

98.7

12.2b2.4W 12,555,8W 75 05101 - 05129

824,000 839,300 W 05121

5 COULITZ  WTCHERY 63-19-42 143,600 2,500 91.3 4.478.WO 4.b24.wO 85

63-19-51 11,100 -o- loo.0 -o- 11,lW 85

06127 - 10116

06127 - 1011s

06115

06115

ELDKDnIll  UATCmRY

GUYS RIVER WTCIiElkY

KAl.AnA  F A L L S  uA1cRERY 63-19-51 214,500 3,300 98.5 3.940.300 4,lY.lW

UASUNIYE HATCEERY 07-m-45 244,100 20.600 89.5 5,21~,100 5.490,WO

KLICKITAT  WTCllERY 63-19-49 225.400 3,700 oI.4 3.36b.400 3.595.500

LITTLE UHITE WTCHERY 05-04-48 111.aoo 8.900 95.2 5.655.500 5.842.200

05-04-49 264.800 12,700 95.4 5,291.lW 5.568.600

05-04-50 b3.400 15,000 W.2 830,bOO %9,000 95

05-04-51 41.WO 11,600 86.2 640,700 701,200 91

63-18-U 21,100 -o- 100.0 -o- 21,100 99

b3-19-5b 117,800 5.800 95.3 2.730.7W 2.854.300 99

b3-lb-4b 73.900 2,bOO 91.3 1,220,WO 1.297.300 92

63-U-33 7.600 -o- 100.0 -o- 7.606 92

63-19-37 68.100 -o- 100.0 -o- b9.100 92

177

71

W

111

111

06109 - 06112

WI09 - 06112

%I09 - WI12

06122 - 07113

05129

05114 - 06113

06122

06122



Table l.--(CoatLnwd)

c

Reac1Iu  Pac111t7

T46ed  Plrh Ad tkaly Flrh X Y4 lkmsrked  Plsh Total

T4 code 9d.ard Rdorsed Rotont1m Il*ud E.l.as* Ilshllb ailoaam  Dams

PRIEST RAPIDS E6TCHEltY b3-16-21 49,100 2,000 9b.O 776.400 826.500 74 05123

63-18-57 17,500 -o- loo.0 267.700 285.900 77 OS129

b3-19-U 5.300 -o- 1w.o -o- 5.300 77 06129

b3-20-17 62,200 700 %.2 -o- 82,200 77 06128

SEA  RESOURCES  HATCUERY 63-19-18 24.200 300 %.b 957,500 992,000 112 05101 - 05131

SPEELYAI  HATCHERY 63-19-20 51,700 400 pQ.2 -o- 52,100 28 09105

63-19-50 104.500 3.500 96.8 79,500 186.5W 86 07119

SPRIyCCREEK8ATClERY 05-04-33 140,900 13,600 91.2 3.5b68.600 3.723.100 54 OS/16

05-04-44 135,500 19.400 87.5 4.357.400 4.512.300 87 04120

05-04-45 55.600 6,300 89.9 1.141.600 1.203.500 19 08113

05-04-4b 246,000 13,000 95.0 9,%1,000 10.120.000 125 03120

8TAYTal  Pam 07-18-41 293,900 9.400 %.8 4.399.wo 4.692.000 67 05107 05121

TOUTLE IIATCIERY b3-19-54 12.000 -o- loo.0 -o- 12,000

b3-19-41 132,100 6.000 9b.0 2.619.500 2.757.bOO

lb0

lb0

79

70

58

06117

Oblll

yAsBoucALliATCE&RY b3-19-39 97.400 9,300 %.8 4.826.8DO 4.932.500

63-19-4b 154,500 -o- lw.o -o- 154,500

06114 09102

06114 09102

UEYCO  FOND 63-19-39 92.400 2.500 97.4 271,600 3%s;500 OblO5

Total 4.035.100 215.400 87.464.900 91.715.400



Table 2.--Rclerrms  of 1979-brood  fall chhook rdloa  from Coldir  Plwr facliths  la 1990.

14 cod8

T8g&8d Plsh Ad (hly Ildh I?4 olvrkmd  Fish Totd

Rdou8d RdOU8d R8twtiw R8188s8d R8luso Ilshllb aoluu D8tu

04109 - 05114

or109 - 05lIb

05113

05120 - 05l28

orlO - 07111

06118 - 07111

ON21 - OIlOl

06ll9

06103 - OSIZS

06113 - 06124

06104

05127

07115

06110

06110

05127

05127

AwRJlATHY  HATCEERY 05-96-64 35,200 1,100 96.9 466.500 502,600 59

05-06-b6 112,500 2,400 97.9 1.269.000 1.676.900 59

BIG atEEK WTCEERY 07-21-60 1~3,mO 2.200 99.5 6.2.7.900 6.433.500 78

W)(IPEVILLE EAICEERY 07-21-57 121,100 4,400 96.5 l .H7.w0 5.072.900 76

63-21-56 241.306 9.900 X.1 5.671.800 5.926.000 129

63-21-59 70.500 2.900 99.1 1.566.600 1,640,04M 119

63-21-37 20,700 200 99.7 543,400 -.- 9

61-20-05 98,400 2.100 97.9 2,310,600 2.411.100

GRAYS RIVER RACY 63-20-43 37,500 1.500 Ob.2 766.000 807.000

Lu.MA  PALLS 86IalERY 63-21-05 100,490 9a.5 2.299.000 2.400.900

RASKANINE WICiiERY 07-21-61 66,300 96.7 2.170.500 2.237.700

KLICKITAT  HATCllEuY 63-19-47 156.100 1,600 99.0 2.961.700 3.l39.400

LEuIsRIvERtlATcnERr 63-21-66 103.700 1,900 %.3 321,706 b27.200

LITTLE NtlITE  BATCUERY 05-06-43 162,600 1.900 er.9 0.611.500 6.776,000

LdnlER  RALAM BIITCNERY 63-20-06 166.500 96.2 3.129.500 3.279.000

OXBOU HATCHERY 07-21-62

07-21-63

59.100

51,900

96.3

96.3

1.115.200 1.165.500

1,~70,100 1.222.900

m

05

124

79

85

117

101

150

100

100



Table 2.--(Cont&ued)

e

Roada Plclllty

Taggod nrll AdodYllsh 1 x4 brkd Fl8h Total

x4 codm LlrU.6 RdWSOd ltrntloo RdO~O6 I1.u. Flshllb Rduao lhtu

mIEs?uAPIDsBl?cnmY

uINwLD  Fwo

SEA REsyJRcEs  BATcumY

SFRIK; CREEK nA?cnmr

z

s?Ar?aNFam

- tu?cuERY

uEYcomNo

63-19-48 110,100 99.7 2.2?2.906 2.303.700 69 05120 - 06124

63-19-48 37,100 -o- 100.0 631.700 88 06126

63-19-47 1.900 -o- 100.0 -o- 1,900 90 05129

63-20-61 18.400 400 96.1 745.400 764.200 90 05129

05-06-39 125.500 b.700 96.4 7.209.900 7,340,lW 123 03110

05-06-40 75.200 2.500 96.0 3.036.300 3.914.000 83 04llO

05-W-41 60,500 1,300 97.9 3.126.900 3.190.7w 51 05109

05-06-42 23,100 500 96.2 1.066.900 1.112.500 19 Oslo7

07-20-55 262.000 3,400 98.7 6.063.200 6,349,600 67 0412o - 05121

63-21-53 314,600 7.500 97.7 5.771.wo 6.093.900 99 06130

01-02-03 97.wo 3.600 %.5 1,650,500 1.951.900 90 WI10

Total 2.664.700 66.600 76.320.900 61.252.200

. .



Table 3.--Releases  of l--brood fall &tam& U~UO fra Colmbla Ilvor fulltles  ln l-1.

Twod Fish AdOply Fish 2 T4 - llsh Toul

harln6  Faclllt~ ?4- Rdwd Ed& RwantLao RdOUd Irl- Flshllb md.as~Datu

05-07-44 19,100 3.300 65.4 276,000 360.406 69

05-07-45 63,500 10.600 65.7 826.700 -a- 69

uoIIl*My NATcllmY

BIG aEElc  M?cnERY 07-23-31 50,200 1.m 97.1 1.056.600 1*%7,7W 77

07-23-33 51,100 1.m 97.0 I . - . - 1.941.300 77

07-23-34 46.WO 1.496 97.0 1,69.,100 1,745,500 I?

07-21-Y 130.W6 4.WO . 96.5 5.w7.4w 5.142.2W I3

07-23-29 75.700 2.700 %.6 3.113.W9 3,191,bW a

07-21-Y 73,200 900 98.0

07-21-59 40.900 300 99.3

1,726.#0 1.-.- 75

1.=.- 1.357.7w 70

63-21-W 153,200 7.400 95.4 3.121.306 3.2.1.900 86

63-22-55 121.3W 2.200 90.2 2.773.406 2.-.- 77

63-22-34 156.2w 4.WO 97.7 2.155.400 2.915.6W 192

63-23-17 9.400 -o- 109.0 -o- 9,409 loo

63-22-63 64,100 800 99.0 1.145.799 1.230.606 05

63-23-40 10.2w -O- 100.0 4 10.200 93

63-20-36 175.400 3.200 90.2 3.432.809 3.611,bW 103

07-22-21 18.990 500 97.5 718.099 737.460 n

07-23-32 82.100 2,100 97.5 3,12l,m9 3.2%..0@ 06

63-20-W 136.000 2.700 a.0 2.346.X1 2.479.200 n

w-07-47 163.4W

05-w-49 52.400

u-a-n 13.300

97-s

07-b

95.6

6.587.308
L-%3-

. .
-9.m

6.77S.460

1.937,lW

503.166

9b
w
w

9411s - 05126

04115 - 05126

05107 - 05l18

05107 - 0!4l1.

05m7 - 05118

04124

05112

05115

05122

obl27 - obI28

owl2 - 06128

WI01

OblOl

06101 - 66168

WI.1

05122 - 05128

05118

05ll8

w/u

WI.4 - WI85

WI04 - w/u

w/o1 - WI%

WAYS RIVER M-T

cALAm FALLS  nATalmY

-1NE IIAV

ELIaITA? nATalmY

LITTLE UIITE Mm



Table 3.--(Continued)

Rur1ry Facilit7

T84.d Fish M On17 Fish 1 ?a& &marked Fish Total

?4 - Released ILclea*d Ret~tlon blmD.4 Ilrleam Iiahllb Releue Dates

LWER IMAUA  WTCRERY 63-22-54 155.3430 6.500 w.0 2.L36.900 2,998,700 90

PRIEST RAPIDS WTCHERY 63-21-55 194.600 1,500 99.3 3.793.200 3.989.300 89

63-22-61 42.100 100 99.7 787,900 830,100 67

SEA RESDURCES  RATCRERY 63-22-01 43.300 1.100 97.4 786.800 831,200 90

SPRING CREEK NATclIERY 05-07-40 104,700

05-07-a 76.700

05-07-42 63,100

05-07-43 25.700

05-07-46 150,500

05-07-40 28,WO

05-07-49 30.900

05-07-50 13.700

05-07-51 15,400

05-07-52 7,200

99.6 4.743.2W 4,~46,3W 90

99.0 3.u7.006 3.195.300 71

%.5 3.141.500 3.204.900 65

n-5 123,900 149.700 75

99.5 724,?W 076,000 75

99.5 1,345,4% X.374.300 118

99.0 1,255.OW 1.286.300 71

loo.0 635,200 640.900 121

99.5 74a.009 763.500 102

97.8 203,600 291,000 15

300

-o-

100

200

STAYTON POJJD 07-23-35 215.500 1,500 97.0 5.649.700 5,%2,7W

USRDKALRATCIIERY 63-21-48 20.700 300 99.1 4a3.200 512.200

63-22-51 278.800 3,100 91.9 5.228,wo 5.509.900

NEYcoPDND m-03-01 169,500 2.700 99.4 3.320,lW 3.500.3w

81-03-02 64,300 600 99.0 l.ma.106 1.a73.006

06101 - 06110

06123 - 06/2b

05118

04116 - 04129

03125

04115

05105

OIIU - 04122

04l21 - Obl2.2

03125

04115

03125

03125

06112

75 04127 - 06115

35 07106 - 09104

74 06130 - 07106

% 05115 - 06112

90 05115 - 06112

r0ti 3,4%,400 03,200 Wm.@- 89.847,609

. .



Table 4.--Releasea  of 1981-brood  fall chinook salmon from Coltmbla River fadltlos in 1012.

Raarhlg Paclllt~

TagSed Plsh Ad (kly Fish 2 TY 0rmsrk.d  PLsh Tot81

T4 - Released Rel.ased Retont1al R0hu.d RBhW Ilshllb khua Dates

ABERNATHY  HATCHERY 05-10-50 90,600 7.100 93.0 994 * 500 1.092.2W

05-10-59 29,600 2.900 91.0 331,600 364,100

DIG CREEK  HATCRERY 07-24-10 131,200 4.300 %.O 4.4w.900 4.536.300

9ONNEVILLE  HlrTCliERY OI-ZC-07 105,900 700 99.3 1,066,100 1.192.700

OI-ZL-08 96,900 1,500 99.4 2.095.500 2.193.900

07-26-63 102,400 2.000 98.1 2.724.500 trUI.999

w
CLATSOP  COUNTY PONDS 07-24-12 79.700 1,100 H.6 1.R3R.100 1.918.900

w 07-24-13 33,900 500 oI.6 799,ow 922,400

CDULITZ WTCHERY 63-20-32 41,300 2,000 95.4 l,lOb,bW 1.227.700

63-24-50 9,300 100 98.8 151,600 190,000

63-24-62 199.200 2,500 99.7 5.507.000 5.708.100

63-26-03 h7.500 900 9R.l 795,600 844.000

ELOKOnIH  HATCMERY 63-22-62 52,200 1,000 98.1 1.216.900 1,3W,lW

63-22-60 50,600 2.000 96~2 1.247.400 1.300.009

GRAYS RIVER HArCtiERY 63-2c- >8 i7.5iG ;.100 96.2 279. (00 308,000

63-24-59 45.~00 1.600 96.6 471.400 518.400

ULAIU  FALLS tiA:CIiERY 63-z&-6(; i77,lJO 600 99.7 3.375.200 3.552.900

KAZiLk~t.:!ir  GT“HERY OF-1:-39 15cl.300 1.000 98.8 1.927.000 2.029.300

k. i. KlTA: h+ICHERY 63-21-57 204, iO0 2.000 ‘99.0 3.473.600 3,679,700

. .

51

51

75

80

08

92

08

80

%

20

90

30

a0

80

87

87

102

85

83

04120 - 06101

04120 - 06101

05117

04123

65123 - 06104

04114 i 94129

dSl2@

05129

06124 - 07lW

09129

06124 - 07109

09129

06115

06115

06101

06101

06110 - 07/02

06107

06101



Table r.--ccontw)

8au4 Paclllty

?auad  Ilsh AdQll7?lah 2Y4 -IbiB TOtAl

Y4a Ild bid -loo IlOU. ll- ?&A/lb Il-htes

LITTLE WITE MTeB6n 05-W-35

05-ob-36

lnNmKALANAM?QImY 63-24-63

aeoN MTCNERY 07-23-30 52,360

07-24-11 52.500

h;)
PRIESTRAPIDS  BIrcBnl

e

63-22-52 262,200 ooo 99.7 4.360.304 4.623.300 87 05124 - 06116

63-24-W 48.7W 900 90.2 836,bW -.ooJJ 67 05llO

OEA RESDURCES  M-Y 63-24-57

OPRING CREEK MTcumY 05-07-53 500 25 95.0 46,300 46.825

05-07-U boo 25 95.0 46,300 46.725

OS-W-51 46.700 1.200 97.5 258.400 306,300

05-lo-% 151,400 3,600 97.7 7.045.4w 7,2DO,bW

05-10-51 38,%0 l.ooo 97.5 2.130.200 2,170.lW

05-10-52 58.300 5.300 91.6 2.927.700 2,991,3W

05-10-57 102.300 2.- 97.5 W7,lW 672,DDD

s?AY?oNwwD

uuawcAL  OATCNERY

NEYmPoNo

101,300

-*-

1.-
1.-

98.5 3.933,lW 4,035.900 93

96.2 3.902.400 b,W2,7W 93

139,400 1.m
.

700

700

96-3 3.027.000 3.166.W9

96.6 2.093.600 2,136,WO 78

96.6 2.992.2w 2,145.bW 78

45.wo 2.500 94.8 783,lW 830,640

07-26-62 265,Wfl 11.300 95.9 6.473;iW 6,750o.ioO

63-24-61 170.4w 4.400 97.5 3,321,lW

m-04-06 217,100 7.600 %.6 4.270.700

3.495.909

4.495.400

117

106

17

17

79

110

78

48

79

ti

%

loo

tile2 - WI63

66102 - WI03

WI13 - 06125

06104 - WI25

061% - WI25

oin1  - 05107

07130

07130

orlO  - 04113

03125 - 03126

04115

05120

OblO8  - 04113

05103 - 05121

06130 - 07106

06llO

Total 3.475.500 82.4% 82.0/3.500 85,%1,450
. .



Table 5.--Ee-rims of wed 1978-brood  fall chlmok fra Colabla Rlmr rurlly facllltlos dur4 s-14 of dmmstroa

rloramt8  at yarlour locations oa tlu Cohmbla River la 1979 and ler0.

-6&d -w Number of reeowrles

Rur4 frclllty ?4 - rdeases ltel.as~  dates 1out1aoa
1 -------------------- Ruoury  datu

obsomd  l stlm8t.d
2

AOERNATNY M - Y 05-04-m 63.400 04117 - 05/18/79 WPROOTUARY 60 79 04l18 - W/12/79

UlslOSTUARY 9 0 05118 - 06115179

- - - - - -

69

05-04-51 48.900 Obl17 - 05/18/79 B-Y 35 44 04I18 - 06IUI79

-OSYUARr 3 0 05117 - 09/181?9

OIG f3EEK MTCNWY 07-18-44 224,900 05121179

OIG WIYE PGIID 05-04-43 141.400 05121179

36

-ESTWARr 41

- 3

------

44

0 05124 - 0711?/?9

0 06128 - 07lObl79

lRtpOSYfJARY 56 82 04124 - 06lO9l79

WESTNARY 13 0 WI04  - 07lO2179

2 0 06/28/?9

71

BounEvIuE BATaimY 07-18-42 287,900 05101 - 05129179 WYP E S T U A R Y 499 596 05104 - D?l13/79

-ESTUARY 48 0 05118 - 07lObl79

OWAN 4 0 06128 - 07lObl79

------

551



Table 5.--(Conthud)

T48-j b-rl lhrkr of reeowrlos

x4 - releases Release dates locat1oPr
1 _________----------- k-ry da.B

obsuved l t4t.d
2

BonMEv1u8*tQIEpI 07-18-43

COnIT  OA?cuEuY 63-19-42 143.600 06127 - 10116179

63-19-51

ELOKCWIY  MTCOERY 63-18-56

63-19-56

GRAYS RIVERRUCllERY 63-16-46

63-18-33

15,100 05l21179

11,100 06127 - lOl16179

21.100 06115-79

117,800 06115179

73,900 06109 - 06112179

7,600 06109 - OSlltl79

OPPRISTUARY

- -

-

lIPI= E S T U A R Y

WESTUART

OPPLll  ESTUARY

m-Y

UPPrn E S T U A R Y

fl)yBOSnURY

UPPrn E S T U A R Y

uIyglTSTMR?

OPPDL Eo?tuRY

UNdERESTUARY

278 470 07102 - 09l19l79

17 0 QelO3 - 09/19/?9

m--e--

295

4 5 06127 - 97l18/79

1 0 09lO5l79

------

11 14 65l2b  -. 06/0?/?9

4 0 06107 - WI22179

1 0 07l03l79

----me

16

2 2 06102 - 09123l79

1 0 06122179

3 5 66126  - 07109l79

17 0 06122 - w/03/79

2 0 06l26l79

-m--e-

22

4 7 07114  - 07/30/79

12 0 06118  - 09/17/79

------

16

. . 5



Table 5.--(Coat~~nnd)

Rearlry  faclllty

?wed Recovery Wr of r*coverl*s

T4 coda releases Rel.as. dams locations
1 -------------------- Ruove~  dams

obumed  l t4ud
2

GRAYS RIVR MTRRY

KALAnb  PALLS  MTCOERY

63-19-37 6R.100 06109 - 06112179 OPPROOTORY

63-19-57 214,MO 06122 07l13179 DPPR  ESTURY

LQIII(-y

-1NE MlWlERY 07-18-45 244,100 05129179

KLICRITAT  RAT-Y

UluR ESTUARY

OCEAN

63-19-b9 225.100 OS/14 - 06/13/79 UPPR EsTuARY

LlyBlESTNARY

DCMN

LITTLE m1?RRArcegpr 05-04-48 177,600 06122179 mOOTNARY

l.WRKS?DAR?

25 0 06104 - 07lObl79

7 0 0612Ol79

------

32

3 5 06127 - 07123179

8 0 07lOb - 09115/79
--v-e-

11

2,229 3.005 06124  - 09llbl79

8 0 07113  - 09118/79
------

2.237

224 278 05127 - 07/18179

22 0 05129 - 07120179

5 0 06126  - 07lO3l79

--e--e

251

254

12

1
- - - - - -

267

351 WI27 - Wllbl79

0 07102 - 09ll4l79

0 OalO9l79



Trblo 5.--(Conthud)

T4S.d -rl lb&u of rocomrlos

-Rur4 frclllty 1
?4 - r.leuos Rdouo  da+.8 1oeat1m+a ________------------ bocumw  datoa

obunad l t4ud 2

LI??uYBI?E-r 05-04-49 264,909 06l22l79 OPPROOTORY

WOSYllARY

OGMO

PRIES? lwIDO  B*rcBBpY  63-18-21 bO.lW 05123179

63-18-57 17.500 06l2Ol79

63-19-% 5,300 06l2Ol79

NRARYDAM

JOON MY MN

UPPR ESTUARY

WNRESTUARY

WlURYnuC

NCNARYDUI

Jo6 MY Mn

nauIYM

lUiMRYM

Jolol MY M

412 Wl 06127 - 09llOl79

27 0 07102 - 09llbl79

’2 0 08109 - 08123l79

441

35

ma

12

3

- - m m - -

4%

285 06110 - Wl5l79

528 06113 - lllO6l79

21 06117 - 06lOll79

0 06125 - 0612Ol79

36 929 07110 - WI17179

3 4 04116 - OSl2ll90

61 79 07121 - 11l01l79

-m-e--

100

20 402 07112  - orll?l79

1 2 04l18l90

14 20 07127 - 11/w/79

-e-e--

3 5



Table 5.--(Catband)

Rssrlog fulllt~
‘I-d -w lurkr of r-rle*

?4 wda rsluses ealmuo&us loeatloM1 -------------------- Ruoury  duos
oburvsd l t4tsd 2

PRIES?  RAPIDS PI- 63-20-17 82,200 06126179 na6RYDuI

MamrDul

Jos M Y  DYI

WPRESTMRY

-EOYllRr

OCEU

SEA RESDMCES M-Y 63-19-18 24,200 05101  - 05l3ll79 -o- -o- 0 -o-

SPEELYAI  MrcBBr 63-19-20 51.700 09lO5l79 mPRos?MRT

WOSlURY

63-19-50 104.500 07ll9l79

SPRIBGUER- 05-04-33 140,996 05/18/79

IRP-

WRYMRY

ouu

P I P -
- -

296

13

274

6

3

1
,---mm

5.3

18

9

27

838

17

1
.---__

obo

98

l2

110

. .

7.476 07110  - WI17179

26 04116  - 05123189

306 07102 - lllo9l79

21 07127 - orll7l79

0 WI13 - 09llll79

0 09116179

123 09110 - WI26179

0 09109 - 09117179

1,148

0

0

113

8

07120 - 09/14/?9

-123  - 091x7179

69/09/79

UIM - Ul3al79

95125  - wllo/?9



W
0

Table 5.--(cabtlmd)

?4Wd bkrof mrlu

x4 ads rel- 11.u.dams __-------- ---e-e--- bouety dstu

sbunsd  utwtod
2

OPRRC-- a-04-44 i35.m 04l2ol79 WPR- a1 338 94124  - 06lo2l79
IioyI- 16 0 85llO - 96114179

ORU 1 0 07lO3l79

--e-e-

296

85-84-4s  55,688 09113l79 IR?RRYORY 33 166 ml17 - w/22/79

-EOTMRy 4 0 66119 - WlZll79

ocw 1 0 06l23l79

5?AY?oN  mm

?aI?LEM?cnRY

05-04-46 246.000 03lZOl79

38

WPR- 229

-- 7

------

2%

411 03125 - WlO9l79

0 05llO - 6114179

07-18-41 283,900 05107 - 05121179 WPRRTMRY 258 293

LoypR?URY 44 0

1 0

63-18-54 12.000 Wll7l79

303

OPPR- 70 %

llllBlOO?URY 5 0

-m--e-

75

05113  - 07llbl79

05116 - 06122179

07/03/79

06/29-09112179

07119  - 09117179



Tsbl. 5.--(Coatimmd)

Rear4 facllLty

?4&d -w Mrof -rlss

?4 cds rdssrs* Relu8s da.8 leutkansl -------------------- Rsooosw dstu

obssrvd su4tsd
2

mu?LEMTalRY 63-19-41 132,100 06117179 DPPRROYUARY 794 1,001 06112 - 09ll9l79

LOYDI- 25 0 07111 - 99llbl79

3 0 oolo9 - WlSl79
------

822

MsNooGu MTalRY 63-19-U 97.400 06114 - OOlO2l79 OPPRRYIJRY 299 %l 06l20 - Wl5l79
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Figure  7 . - - Proportion of fall chinook salmon from Columbia River rearinge
facilities caught in Pacific coast fisheries by area of catch

and brood year.
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Ala8lu firh8ri88 proportion rango from a low of 1.2% for the 1978 brood
to a high of 6.6~ for thr 1980 brood. The proportion8 in britirh
Columbi8 tango from a low of 32.7Q for tha 1979 brood to a high of 53.14
for the 1981 brood. The rango for Warhington firhrrior ~88 8.3, for the
1981 brood to 37.3Q for the 1979 brood. Th8 range for the Oregon
fisheri wa8 2.2% for th8 1980 brood to 6.9@ for th8 1978 brood. In
th8 California firh8ri88 th8 proportion8 rang8 from O.lt for th8 1980
brood to 0.6* for th8 1979 brood. PrOpOrtiOn mngor  for th8 COluUIbi8
Riv8r firhorirr l 8 18.9, for thr 1978 brood to 30.3r for the 1981
brood. Th8r8 l pp88r8 to bo a tr8nd  toward highrr contribution8 to th8
mOr8 north8rly  fi8h8ri.8 for th8 la8t MO brood y8arr Of fall chinook
88lmon tagg8d, 1980 and 1981. Th8 proportion8 of th8 contribution by
brood 8nd hatch8ry l r8 pr888nt8d in App8ndix Tab188 l-4.

,

Th8 proportion8 Of contribution t0 th8 fi8h8ry 8r8a8 by r8aring f8Cility
follow tr8nd8 8imilar to th8 brood y8ar W8t8g.8.  bW8V8I:,  tr8nd8 for
individual hatch8ri88 may br inflrunc8d by low numb8rr of r8cov8ri88.
Th8 Canadian r8covory proportion d8crra88d from th8 1978 brood to th8
1979 brood mad thrn incrra8rd  again for th8 1980 and 1981 broodr.
Klickitat  and Pri8rt Rapid8 hatchmy do not follow thir gan8ral l r8nd in
that thr Canadian proportion of th8 r8COV8ri88  inCr8a88d  for th8 1980
brood and th8n d8crra88d for th8 1981 brood. Th8 Cuudian proportion of
th8 r8COV8ri88 inCr8a88  8t88dily  from th8 1978 through th8 1981 brood8 r
for tagged fi8h from Warhougal and Sea R88ourc88 hatchery. The low
numbor of r8COV8ri88 (25) for th8 19780brood firh from 808 b8OUrC88
Hatch8ry  as&in may hav8 infb8nc8d  thir diffrr8nC8  in tt8tld. tXC8pt  for
th8 19790brood fall chinook 88lmon  from 884 Ro8ourc88  Hatch8ry and 1980-
brood fi8h from Abernathy Hatch8ry, only Warhington Dopartmont of
Firh8ri88 hatch8ri88 contributr to th8 A1a8k firhrri88. Th. Alarkan
firh8ry r8COV8rY proportion Wa8 gr8&t88t  iOr Pri88t bpidr Hatchmy,
ranging from 184 to 41) for th8 four brood y8arr.

For 811 r8aring faCiliti.8 8nd brood yrarr combin8d, th8 3-y8ar=Old f811
chinook ralmon contributrd mart hravily to th8 rport and com8rci81
firherier (64Q), fOllOW8d by th8 4-y8ar-Old  fi8h (24Q), th8 2-yrar-old8
(Sb),  and tha 5-y88r-Old8 (38). Lo88 th8n 0.1, of th8 firh w8r8
r8COV8r8d in th8 fi8h8ri88 88 6-y8&r-Old8. ‘f’h8 rang88 ov8r th8 four
brood ymrr a-8: 6.1 to 11.9) for th8 2-yrar-oldr,  54.7 to 69.7% for th8
3-ywr-old8, 17.9 to 32.18 for th8 &yrar-oldr, 1.1 to 5.5Q for th8 S-
y88r-Old8, and 0.1 t0 0.2 for thr 6-yrar-old8 {Figurr 8). Th8r8 l pp88r
to b8 diff8r8nC88 among group8 Of f8Ciliti88 wh8n grOUp8d by Op8rating
8S8I'lCy (Figur8 9). For USFWS 8nd ODFW facilitirr,  th8 3-y8ar-Old  f811
chindok ralmon contributed mor8 h8avily than th8 l v8rag8, 78 and 77)
r88p8C tiV8ly. At USFWS f8ciliti88,  th8 30y8ar-Old contribution ir
fOllOW8d by the 2-y8ar old8 (12*), th8 4-y88r-old8 (lOQ), and $9ymr-
old8 (0.2Q). At ODFW facilitirr,  th8 3-y88r-Old  contribution i8
follow8d  by 4-y88r-old8 (lSt), 2-y8ar-old8  (8Q), and S-y8ar-old8  (0.6%).
At WDF facilitier,  th8 contribution by l gr ir quit8 diff8r8nt from th8
Oth8r tW0 8grnCi88. Th8 4-y8ar-Old firh contribut8 th8 mart h88Vily
(52%), followed by th8 3-y88r-Old8 (3%), 5-y88r-Old8 (94), 2-y88l'-Old8
(4Q), and 6-year-old8 (0.2)). Individual f8Ciliti88 88n8rally follow
the rame l ppar8nt trrnd a8 th8 agrncy group8 (App8ndix Tab188 5-8).

Th. 8g8 di8tribUtiOn8  of th8 fi8h8YTy r8COV8ri88 l pprar to Vary with th8
brood. For 811 facilitirr  combin8d, th8r8 ir a pr8dominancr of 3-yrar-
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figure &--Proportion of fall chinook salmon from Columbia Km -ring
facil*Ws  caught in Pa&ii coast fisheuk by age of catch

and brood year. 1978 - 1981.
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Figure 9.--Proportion  of fall chinook solmon  from Columbia River rearing
facilities caught in Pacific coast fisher&s  by oge of catch for
all brood years and focil’ties combined and by opemting  agency.
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old firh in th8 r8CCVOri48  of tha 1978 and 1979 brooda  (n88rly  70, of
the catch). Th8 4.year-old catch 18 about 20, for th8 8amo two broodr.
For th8 1980 and 1981 broo&, th8 a-y8ar-old r8cov8ri88 dacr8a88d to 55
and 618 r8rprctivoly, whil8 th8 4-y8ar-old racov8ri88 incroa88d to 32
and 288 r88p8CtiV8ly  (Fig&&r8  8). Thi8 tr8nd 18 not l ppar8nt wh8n
8Xamining l g8 prOpOrtiOn8 for individual faCiliti88. For 8Om8
faCiliti88  the 1980 or 1981 brood firh8q r8COVOri88  hW8 th8 grOat88t
proportion8  of 4- a n d  S-y8ar-olbr. For oth8r frciliti88 thi8 18 not
t73l8.

Fi8hWy  Contribution

Th8 88tilut8d r8COV8ti88 of tagg8d fall chinook ralmon for 8ach brood
yrm 8r8 prrrmt8d in Tab188 9 through 12 by r8aring facility and l r88 ’
Of t8COV8rY. Th8 contribution of 8ach facility to th8 Pacific coart
8pOtt and COplsrrCial fi8h8ri88  18 88timt8d from th8 total 88tiPUt8d
fi8h8ry  r8COVOri88  Of t&gg8d firh from rach r8aring facility U8ing th8
method d88crib8d in th8 METHODS AND MATgMALS 88ction (Tab188 13 - 16).
It ir 88tiMt.d that l,O20,8OO fall chinook ralmon from thr Columbia
r8aring faCfliti88 W8r8 MU&t in th8 marin and fr88hW8tar  8pOrt  and .
com8rCial  fi8h8ri88  during thir 8tudy. Thi8 i8 an &VOr888  Of 2.9 firh
caught for rvrry  1000 firh r8lrar8d  ov8r th8 four brood yoarr.

Th8 fi8h8ry contribution p8r 1000 firh rel8ar8d rang8d from a low of 1.9
for th8 1980 brood to a high of 4.7 for th8 1979 brood (Pigur8 10). The
contribution8 l pp8ar to b8 rlightly diffW8nt  among brood8 and quit8
diff8rOnt 8mong facilitl88 within a brood (Figurer 11 through 14 and
Apprndix  Tab188 13 through 16). Spring Cr8ak Hatchery had th8 gr8At88t
fi8h8ry contribution for th8 1978 and 1979 brood8 (8.6 and 12.7 firh
p8r 1000 firh r818ar.d). For th8 1980 and 1981 broodr, Abernathy and
88a R88ourcrr hatCh8ri88 had th8 gr8at88t contribution p8r 1000 firh
r818a88d (7.8 and 6.0 r88p8CtiV8ly). Th8 contribution for Spring Cr88k
Hatch8ry dropped to 1.9 and 3.1 par 1000 firh rol8arad for th8 1980 and
1981 brood8 r88p8ctiv8ly  (Pigurrr 13 and 14). Th8 contribution for
Priort Rapid8 Hatchrry inCr8a8ed 8t88dily over th8 four broods, going
from a low of 2.3 p8r 1000 firh ral8a8.d  for th8 1978 brood to a high of
4.7 for th8 1981 brood. Th8 firhrry contribution8 for COWlit8,

, Elokomin, and Low8r Kalama hatch8rirr w8r8 gr8at88t for th8 1980 and
1981 brooda.

Spring Cr88k Hatchwy contributed  a large proportion (55 8nd 528) of the
total fi8h8ry contribution from fall chinook ralmon facilitie8 on the
Columbia RiV8r for th8 1978 and 1979 brood8 r88poctivoly (PigUrO8 15 and
16). R8laa888 from Spring Cre8k Hatchwy w8r8  21 and 19r of thi total
r8lOa8.8 for th8 two brood yoarr rrrpectively. The nrxt greatert
proportion8 w8r8 12, from Bonneville Hatchery (1978 brood) and 14% from
Big Creek Hatchery (1979 brood). For the 1978 brood, 7.5% of the fall
chinook salmon rel8as8s  from Columbia RiV8r facilities came from
Bonnrvilla Hatchery. For the 1979 brood, 8% of the release8 came from
Big Creek Hatchery. The Spring Creek tagged fish make up 18.5 and 16%
of the tot81 firh rrleased for the 1980 and 1981 broods respectively
(Tablrr 3 and 4). The fishery contribution proportions of these rame
firh are 19 and 2Sr for tha ram0 broods respectively (Figures 17 and
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Table 9.--8stLut.d rm-rler of twod 1979-brood  fall dl.mok fta Coldlr  Rlvmt rearm fuillths  to padfk

coast fldurles  by facllltr.

hdors  of Rec0v.rl.s

mu4 bldi8 Rirrr Total

Rear4 fulllty -----------------------------------------------------------------------------------------

Alub8  cuI8d8 uublnsttm  oc~oo  c8llforplr  ?oroi#I Idlub Hal-Iadlu All fish.

ABmMTuY  MTCEMY

BIG - MTmRY

BIG YBITS mm

BamEvILLg MTcnMY

com1tt RATamY

-II MTcnuN

GUYS RIVM MTaEuY

MLAMA  PALLS MTceRlr

KLASMIIIM  MTcamlY

KLIQITAT nATalmY

LITTLE WITS 8*TcaERY

PRIEST RAPIDS EA-Y

SEA RESOURCES EATCHEW

0

0

0

0

11

0

9

4

0

2

0

73

0

276 140

364 192

79 133

393 292

105

10

8

47

140

106

23

92

5

115

3

17

14

33

77

22

5

3

b5 5

27 0

21 0

57 b

b6 0

0 0

13 0

3 0

34 0

7 0

5 0

3 b

12 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

29

15

0

0

0

0

0

31

16

16

0

66 532

B6 659

12 274

93 054

32 309

4 17

21 71

23 91

105 312

20 243

0 66

l 191

5 25



Table 9.--(Cutlmmd)

Eorr~ fu111ty

adora  of Recowrl~s

mu4 blublaunr Total .
-----------------------------------------------------------------------------------------

AhSlu  cuud8 uash1ogt00  -ah cdlfotn1r  PONU Iadhm loo-Idha Allflah.

SPEELYAI eATamY 25 110 102 20 0 0 0 68 325

SPRIYC CBER EAIcaar 0 1621 1068 340 0 2 914 299 5044

STAYmu mu0 0 974 631 121 7 2 0 149 1004

TOUTLE MTcamY 5 74 12 15 0 0 0 29 135

uAs- MTcuE9Y 0 111 55 10 0 0 0 95 277

UEYCO Fouo 2 37 10 0 0 0 0 16 65

Total 139 4565 3714 787 20 4 1021 1124 11,374



Tablo IO.-4stiut.d recoverlu of t-d 1979-broad fall daonok fror Col\dlr Uwr rear4 fullltles to Pulflc
-t flshorhs by fulllry.

llrrrlry  frc111ty

lhmbsrs of 8.-riu

nulu coldlaulwr Total
-----me ----------------------------------------------------------------------------------

Alaska camada yuh4top oryoo  callfornla  Pore- Imdlul won-Indlrp  All flSh.

A8mMTaY  -r

BIG QEPI MtcBgll

MWIIIMLLEBABY

COULITt HAmY

uoulnI8 MTcaMY

GMYS RIVM MTcmMY

MLAM PALLS nATamY

-1uEBITcuaN

KLICKlTAT  HABY

LEuIsRIvmEATcHEuY

LITTLE UBITE EATmEw

Lou&8 CALMU  MTcuE8r

ox8ou MTaiMr

0

0

0

29

0

7

12

0

10

21

0

8

0

201 3b9

595 384

75 38

161 317

23 15

37 12

106 65

34 20

87 93

169 109

18 20

96 32

70 b6

66

$9

0

28

12

-2

9

3

14

37

0

8

11

0

0

0

0

0

0

0

0

17

0

0

0

0

5

4

0

0

2

0

0

0

0

0

0

0

0

0

0

2

0

0

0

0

0

19

0

2

0

0

85 713

160 1210

21 139

73 607

12 64

7 65

19 210

36 93

19 249

121 455

6 66

51

22

195

159



Tablo lo.--(boWmad)

Rear*  fulllty

kmbor8  of Emovmrles
lIarlam coldlrRLvar Total

-----------------------------------------------------------------------------------------

Alaska Canada uuhlogtao orqu CdlfOrnl~  POcml~ Indh ko-Idlao AL1 fl8tL

PRIEST -IDS 86-Y 191 149 20 9 0 0 42 37 438

SEA 8EmmcEs  BITamY 12 22 7 0 0 0 0 11 52

SPRIE CpegltrnTmRY 0 705 1431 179 23 2 723 503 3646

STAYTOll  raD 0 641 905 116 3 b 0 221 lb90

uAsmwAL  MTc8MY 63 339 244 17 10 0 19 107 799

UEYCOMI) 1 20 45 2 0 0 0 26 94

Total 343 3625 4142 572 69 17 086 1539 11,113

. .



Tab10 Il.--Estbtd racovorles  of taod lWO-brood  fall ehlnaak ftar Cd\dla Rlwr roar4  facllltlos to Pulfle
coast flstmrlos  by fulllty.

bara fadllty

Rmbors of bwverlos

brlu ColdIa~l~r Total
-----------------------------------------------------------------------------------------

AIUL cumda uua4caa  w callfotnb  lorol8n Id&a Ron-Idlu All fl8h.

UMMl8Y-Y 2 308 265

UC - MlwmY 0

%umILLE-y 0

178

233

81

102

aATsaPcaaTYrarw 0

12

191

398

111

86

114

31

28

24

330

491

84

aMIT2  -Y 40 122

pII(pcu- 22

11 11

MLAM Mu8 OATaIRY 26 30

UAuARm  -Y 0 8

ILI(3LITAT -Y 2

LITTLKUITC-

~UwuRATalRY

PRIESTWIDS-

8

76

294

1

17

53

15

lb

9

lb

5

37

11

2

1

0

1

0

10

9

0

0

0

0

4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

b

0

9

0

0

0

0

0

0

11

10

0

154

48 641

36

30

69

140

54

30

25

29

0

5

158

56

304

388

349

741

210

140

196

68

43

56

627

1023

. . .

.



Tabh Il.--<Cmtlmtd)

R-err4 frclllty

hdus of Rmeowrlos

hrlw coldl8  Uwr Totd
-----------____------------------------------------------------------------------------

Alaska  Canada -t-e-- ?ONLp - bo-Idlr ALlfld.

S E A - - 0 22 15 8 0 0 0 19 56

SPRIECI&gl(~ 0 858 521 u 0 4 411 112 1950

STAYTOR  raD 0 346 288 13 3 2 0 44 688

MseacAL  RATamY 63 209 56 6 3 0 5 104 bb6

uEYcoPom 2 17 20 0 0 0 0 2 41

.

Total 528 3975 1703 . 176 10 0 684 %l 7%5

. .



Table 12.--Kstlutod ruomrlos of twed lpdl-brood  fall chlmok frm Colmbla Ilver rut4 fullities to Pulflc

tout flshorlos by fulllty.

Rurlw frlllty

kmbers of Ewowrlos

nulaa Colrdla Iher Total
------------____-------------------------------------------------------------------------

Alar& cubada Uuh4tam  -00 Callforala  lore- IdlM lloa-ImIlan Allflsh.

A8EwATRY RATaMY 0 115 27 1 0

8IG - BATC6ERY 0 349 41 15 '5

8ollmvILLenATCBEPY 0 415 109 36 8

CLATSOPCOWTYporOS 0 54 0 3

COWIT M-Y 13 197 31 23

EWKCMI8HA-Y 0 25 0

WAYS RIVM -I 0 9 5

cALAn  MLLS MTWMY 18 159 6

-18E MTWERY

KLICUTAT B*mY

LITTLEwITE-Y

UlUWKAlANAMTWWY

ODooy M-Y

0

0

0

2I

0

33

41

24

144

28

3

21

2

14

0

1

:
0

2

5

1

0

2

0

0

0

0

0

0

0

0

0

0

0

0

7

0

0

0

0

0

0

0

0

0

P

0

0 42 185

0 80 497

201 61 830

0 26 83

0 82 346

0 0 26

0 6 28

0 22

4

12

5

51

7

207

0 45

27 102

34

235

35



Tab10 12.--<Caatl~d)

I .

-8 of I;wmrlu

Ihrlr -Ml8 Uver TotaI
___------________-__--------------------------------------------------------------------

Ala&a Canada mtu M csllfotmla  loro~ a Dm-e Al1fl.h.

PRIEST RAPID8  - 260 586 13 3 4 0 455 199 1448

SEAREsowas-Y 0 lb2 13 13 0 0 0 101 2b9

sPRI8cwERMTwRY 0 658 193 u 13 4 457 142 1547

STAYTO  POW 0 735 99 30 0 2 0 63 929

MSWUCALRATWRY 18 110 13 3 0 0 8 85 237

uEYcoPaw 11 43 3 1 0 0 0 18 76

Total 344 3787 593 219 38 21 1151 1006 7351



Table 13.-- Tagged catch and contribution of 1978-brood fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Rearing facility Tagged Total Contribution
catch contribution per 1000 releases

ABERNATRYHATCHERY 532 7,635

BIG CREEKHATCHERY 659 15,378

BIG WHITE PGND 274 5,872

BGNNEVILLE HATCHERY 854 37,386

COWLITZ HATCHERY 309 8,033

EIGKOKIN HATCHERY 17 273

GRAYS RIVER HATCHERY 71 452

KALAMA FALLS HATCHERY 91 1.782

KIASKANINE HATCHERY 312 7,019

KLICKITAT HATCHERY 243 3,880

LITTLE WHITE HATCHERY 66 1,745

PRIEST RAPIDS HATCHERY 191 2,794

SEA RESOURCES HATCHERY 25 1,014

SPEELYAI HATCHERY 325 464

SPRING CREEK HATCHERY 5.044 167,237

STAYTON POND 1.884 31,179

TOUTLE HATCHERY 135 2,675

WASHOUGALHATCHERY 277 6.801

WEYCO POND 65 258

4.74

2.93

1.94

2.79

1.73

0.09

0.33

0.43

1.28

1.08

0.15

2.33

1.03

1.95

8.55

6.65

0.97

1.34

0.70

All facilities 11.374 .301.878 3.29

57



Table 14.-- Tagged catch and contribution of 1979-brood  fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Rear'ing facility
Tagged Total Contribution
catch contribution per 1000 releases

ABERNATHYHATCHERY 713 9,575

BIG CREEKHATCHERY 1.210 54,289

BONNEVILLE HATCHERY 139 5.826

COULITi HATCHERY 607 15,470

EIGKGKIN HATCHERY 64 1,569

GRAYS RIVER HATCHERY 65 1.399

KAIAHA FALIS HATCHERY 210 5,031

KIASKANINEHATCHERY 93 3.139

KLICKITAT HATCHERY 249 5,010

LEWIS RIVERHATCHERY 455 1,877

LI'l=TLE WHITE HATCHERY 46 2,485

IGWERKALMA  HATCHERY 185 4.205

OXBOW HATCHERY 159 3,750

PRIEST RAPIDS HATCHERY 438 9,485

SEA RESOURCES HATCHERY 52 2,160

SPRING CREEK HATCHERY 3,646 197.680

STAYTON POND 1,890 42.561

WASHOUGAL HATCHERY 798 15,487

UEYCO POND 94 1,876

4.84

8.44

1.15

1.90

0.65

1.73

2.09

1.40

1.60

4.40

0.28

1.28

1.57

3.98‘

2.83

12.71

6.70

2.54

0.96

All facilities 11.113 382.873 4.71
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Table 15.-- Tagged catch and contribution of 1980-brood  fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Rearing facility
Tagged Total Contribution
catch contribution per 1000 releases

59

ABERNATHYHATCHERY 641

BIG CREEKHATCHERY 304

BONNEVILLE HATCHERY 388

CIATSOP COUNTY PONDS 349

COWLITZ HATCHERY 741

EUlKOHIN HATCHERY 210

GRAYS RIVER HATCHERY 140

KAUKAFALLSHATCHERY 196

KIASKANINE HATCHERY 68

KLICKITAT HATCHERY 43

LITTLE WHITE HATCHERY 56

KWERKALANA  HATCHERY 627

PRIEST RAPIDS HATCHERY 1,021

SEA RESOURCES HATCHERY 56

SPRING CREEK HATCHERY 1,950

STAYTON-POND 688

WASHOUGAL HATCHERY 446

UEYCO POND 41

All facilities 7,965 168,509 1.88

9,359

11,547

15.753

9,462

16,392

2,807

2,125

4.039

2,655

820

2,072

12.120

20,688

1,075

31.556

16,553

8,666

816

7.79

2.06

1.89

3.00

2.65

0.96

1.74

1.12

0.67

0.33

0.22

4.04

4.52

1.29

1.90

2.80

1.44

0.17



Table 16.-- Tagged catch and contribution of 1981-brood fall chinook
salmon to all Pacific coast fisheries by rearing facility.

Rearing facility
Tagged Total Contribution
catch contribution per 1000 releases

ABERNATHYHATCHERY 185 2,240

BIG CRRMHATCHERY 497 17,184

BONNEVILLE HATCHERY 830 17,818

CIATSOP COUNTY PONDS 83 2,002

COWLITZ HATCHERY 346 9,875

EIXIKOHIN HATCHERY 26 657

GRAYS RIVERHATCHERY 20 227

KMA4A FALLS HATCHERY 207 4,157

KLASKANINRHATCHERY 45 910

:- KLICKITAT HATCHERY 102 1,841

LITTLE WHITE HATCHERY 34 1,359

LOUERKAbWAHATCliERY 235 5,348

OXBOW HATCHERY 35 1,431

PRIEST RAPIDS HATCHERY 1,448 25,739

SEARESOURCES  HATCHERY 269 4,965

SPRING CREEK HATCHERY 1,547 41,741

STAYTON PGNU 929 23.612

WASHOUGAL HATCHRRY 237 4,874

WEYCO POND 76 1.574

1.54

3.79

2.87

0.73

1.24

0.25

0.27

1.17

0.45

0.50

0.17

1.69

0.33

4.69

5.98

3.11

3.50

1.39

0.35

All facilities 7,151 167,552 1.96
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Figure 1 o.--Fishery  contribution pmr 1000 releaaea by brood year.
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figure 11 .--Fishery contribution  of the 1978~brood  fall chinook maImon
from Columbia  River roaring facil’Rioa  by facil’lty.
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figure 12.-- Fishery contribution of the 1979-brood fall chinook maImon
from Columbia River rearing facilities  by facili.ty.
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Figure 13.--Fishery  contribution of the 1980-brood fall chinook aalmon
from Columbia River rearing facllitio~ by facility.
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Figure 14.--Fishery  contribution of the 1981 -brood fall chinook ralmon
from Columbia River rearing facilitier  by facility.
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Figure lS.--Proportion of the fishery contribution of 1978-brood foil chinook
salmon from Columbia River rearing facilities attributable to

each facility.e
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F i g u r e  16.--Proportion of the fishery contribution of 1979-brood fall chinook
ralmon from Columbia River rearing facilities attributable to

each facility.
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Figure 17. --Proportion of the fishery contribution of 1980-brood fall chinook
w salmon from Columbia River rearing facilitier attributable to

each facility.
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Figure 18.--Proportion of the fishery contribution of 1981 -brood fall chinook
maImon from Columbia River rearing focilitie~ attributable to

each facility.
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16) L Thus the proportions of the fishory  contributions of tagged fish
from Sprint  Creak Hatchery dropped from over 504 to just over 20) over
thr four brood years, whils the proportion of fish in ths rrlessas
rangod from 16 to 218.

The proportion of the fishory  contribution of fall chinook salmon from
Priest Rapids Hatchrry incrrssrd over the four brood years. The
contribution proportion sttributsblr to Priest Rapids Hstchsry was lt
for ths 1978 brood (Figurr 15) snd incroasod to 4, 12, and 1% for the
1979 through 1981 broods raspsctivoly (Figurrs 16 - 18). The proportion
of thr total fish ralrssod from Prirst Rapids incrrasad from 18 (Table
1) to 4, 5, and 5.58 (Tsblos 2 - 4) for the 1978 through 1981 broods
rosprctivoly.

All WDF rearin facilities combined show a trend similar to that for
Prirst  Rapids Hatchary. Thr 1978 brood tagpd fish from WDF facilitlrs
roprrssntod 42) of the total rolossss (Tsblr 1). Tha proportion of total
rolsasos from WDF fscllltias lncrrasod to 54) for the 1979 brood (Tablo
2) and thrn dropprd slightly to 52 and 50% for the 1980 and 1981 broods
rrrpoctivrly (Tsblos 3 and 4). The proportion of the fishrry
contribution of tsggrd fish from UDF fscilitios was only 158 for thr
1978 brood (Tablr 9) and lncrrasod to 29, 44, and 41 porcont for the
1979 through 1981 broods rospoctivsly  (Tables 10 - 12).

Rssring Facility and Adjacent Stream Roturns

The ago distribution of thr taggod  fall chinook salmon at roturn to tha
rsaring fscilitiss and sdjscont strums  sppasrsd to bo somowhst
difforsnt than thr sgo distribution of the fishery contribution. For
all brood yssrs combinsd, the proportions of fish returning by age are:
7) P-year olds, 46) 3-year olds, 41) 4-year olds, and 6r S-yosr olds.
Only ton taggod 6-yssr-old fall chinook salmon wore recovrrrd in rrturn
sampling. Thr rang. of return proportions by brood and ago sro
prrsontad in Figure 19. For tha 1978 and 1979 broods, the 3-year-old
rrturns comprised SOI of the rrturn. For the 1980 brood, thr 3-year-old
and 4=yssr-old firh each comprised about 404 of the roturns. For the
1981 brood, the 4-yosr-old fish comprised 508 of the return,

When the ago of rrturns am groupad by agency,  thr results also spposr
to diffrr from thoss soon in the fishorlrs. At USFWS and ODFW
fsciiitios the proportion of 3-yrsr-olds in the return is smaller than
the proportion in the fisharias. At WDF facllitias the proportion of 4-
yrar-old roturnr slightly l xcaods the proportion in thr firhrrior.  The
proportion of 3-yosr-old returns to USFWS fscilitlrs was 658 , followed
by 4-yasr olds (19Q), P-year olds (16~), and 6-year olds (0.58) (Figure
20) l At ODFW facilities, the proportion of 3-year-old returns was 578,
followrd by 4-yosr-olds (39Q), P-year-olds (3Q), and 6-year-old8 (1%).
At WDF facilities, the 4-year-old fish comprised 58% of the return,
followed by the 3-year-old8 (26%), 5-year-olds (12%), and P-year-olds

~9:~;rn120trl=:~s~~ood  years.
all WDF facilities followed this age at return

The only exceptions, where total returns
for a brood wera 20 or greater, were Sea Resources Hatchery and Weyco
Pond for thr 1979 brood and Sea Resources Hatchery for the 1981 brood
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Figure 19.--Proportion  of fall chinook salmon from Columbia River rearing
facilities escaping the fisheries by age of return and brood

year,  1978 - 1981.
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figure 20.--Proportion  of fall chinook salmon from Columbia River rearing
faciliiies  escaping the fmheries by age of return for all brood
year-s and facil’ties combirred and by operating agency.
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The only i-year-old fish returning were from groups tagged at WDF
facilities.

A comparison of the age proportions in the fisheries and at return by
rearing facility does not yield a consistent pattern (Appendix Tables 40
- 43). In many cases, there is a greater proportion of older fish (4-,
5-B and 6-year-olds) in the rearing facility and adjacent stream
returns. In a few cases, there is a greater proportion of 2- and 3-
year-old fish in the return. There are very few cases where the fishery
recovery proportion and return proportion are relatively close for all
age groups.

The extent of straying of returning tagged fish is clearly evident from
examination of Appendix Tables 17 through 35. Tagged fall chinook
salmon generally strayed to facilities and streams near the release
facility. Straying appears to have occurred about equally in all four
brood years. Straying appears to be greatest for those facilities on
streams emptying into or near the Columbia River estuary. Over 35% of
the fish tagged at Big Creek, Grays River, and Elokonin hatcheries
returned to areas other than the release facilities.
Klaskanine  Hatchery,

For Weyco Pond,
and Clatsop County ponds, the straying rate was 75,

85. and 100% respectively.
trend.

There is one notable exception to this
None of the tagged releases from Sea Resources Hatchery were

recovered at sites other than Sea Resources. The straying rates were
generally less than 20% and in several cases less than 10% for
facilities upstream of the Columbia River estuary. The one exception to
this was Lewis River and Speelyai hatcheries. Straying of fish tagged
and released from these facilities to sites outside the Lewis River was
36% for the two facilities combined.

Straying was generally clustered among facilities and streams in the
general area of release; estuary influence area (facilities: Abernathy,
Big Creek, Clatsop County, Elokomin, Grays River, and Klaskanine),
Longview to Portland area (facilities:
River, Lower Kalsma, and Toutle),

Cowlitz, Kalama Falls, Lewis
Bonneville Dam area (facilities: Big

White, Bonneville, Little White, Spring Creek, and Washougal), and Mid-
Columbia area (Priest Rapids Hatchery). Two exceptions to this trend
are tagged releases from Abernathy and Washougal  hatcheries. Abernathy
Hatchery releases fish into Abernathy Creek below Longview, WA but above
the estuary influence.
were to the Kalama River

The greatest number of strays from Abernathy
system in the Longview to Portland area, but

Abernathy strays also returned to estuary and Bonneville Dam area
facilities. Washougal  Hatchery releases fish into the Washougal River,
which enters the Columbia River 25 miles below Bonneville Dam. The
greatest number of strays from Washougal Hatchery also returned to the
Kalama River system. A number of tagged fish from Priest Rapids were
recovered at Bonneville Dam, but these fish were intercepted during
their upstream migration by a trapping operation in the north-shore fish
ladder.

Two returns of tagged fall chinook from this study occurred outside the
Columbia River system. A 1979 brood fish from Kalama Falls Hatchery
returned to the Deschutes Hatchery on the Deschutes River near Olympia,
Washington in 1983 (Appendix Table 23).
into the southern end of Puget Sound.

The Deschutes River empties
A tagged 1980-brood fish from
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Priest Rapids Hatchery returned to Neaah Hatchery on the Nemah River in
1985 (Appendix Table 29). The Nemah River empties into the southern end
of Willapa Bay on the Washington coast north of the Columbia River
mouth.

In general, the greater the fishery contribution of tagged fall chinook
salmon f.rom a rearing facility, the greater escapement of that group of
fish. The fishery contribution to escapement ratio for all broods and
all facilities combined is nearly 5 to 1; five fish contributed to the
fisheries for each fish escaping to a rearing facility or adjacent
stream (Table 17). There is a considerable difference among rearing
facilities; with the contribution to escapement ranging from 2.3 to 1
for Kalama Falls Hatchery to 19.2 to 1 for Klaskanine  Hatchery when all
broods are combined. The ranges of contribution to escapement by brood
are relatively consistent: 5.3, 5.3, 4.3, and 4.3 to 1 for the 1978
through 1981 broods respectively (Tables 17 - 21). The ranges among
rearing facilities, examining brood years separately are 2.0 to 1 for
Cowlitz and Kalama Falls hatcheries, 1980 brood (Table 20) and 1981
brood (Table 21) respectively; to fishery contributions but no returns
to Klickitat and Sea Resources hatcheries (1978 brood, Table 18).

Total Survival

Total surwival in this report is defined as the sum of fishery
contribution and returns to rearing facilities and adjacent streams.
The average total survival for all brood years and rearing facilities
combined is 0.33% (Table 17). The lowest survival was for the 1981
brood (0.25%) (Table 21) and the greatest for the 1979 brood (0.46%)
(Table 19). It is interesting to note that the lowest fishery
contribution was for the 1980 brood. Thus the 1980 brood had a lower
fishery contribution but appears to have a slightly higher survival than
the 1981 brood. The range among rearing facilities, all brood years
combined was 0.02% (Little White Hatchery) to 0.78% (Spring Creek
Hatchery) (Table 17). The range in survivals across brood years and
rearing facilities was a low of 0.01% (Elokomin Hatchery, 1978 brood)
(Table 18) to a high of 1.47% (Spring Creek Hatchery, 1979 brood) (Table
19). In general, the greater the fishery contribution for a facility,
the greater the total survival.

Benefit/Cost

The total costs of rearing the 1978 through 1981 broods of fall chinook
salmon is estimated at $6.334,000. The total benefits derived from
the fishery recovers of these fish are estimated at $36,242,200  (Tables
22-25). This is an average benefit to cost ratio of 5.7 to 1. costs
increased over the four brood years from $ 1.4 million for the 1978
brood,(Table  22) to $ 1.7 million for the the 1981 brood (Table 25).
Benefits ranged from a.high of $ 14.9 million for the 1979 brood (Table
23) to a low of $ 4.4 million for the 1981 brood (Table 25). Benefit to
cost ratios ranged from a high of 9.8 to 1 for the 1979 brood to a low
of 2.5 to 1 for the 1981 brood.
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Table 17.-- Catch, escapement, and survival data for all broods of tagged
fall chinook salmon combined (1978-1981) by rearing facility.

Rearing facility
Catch/ Percent

Catch Escapement escapement survival

ABERNATHY HATCHERY 2,071 487 4.3/l

BIG CREEK HATCHERY 2,670 767 3.5/l

BIG WHITE POND 274 58 4.7/l

BONNEVILLE HATCHERY 2,211 634 3.5/l

CLATSOP COUNTY PONDS 432 26 16.6/l

COWLITZ HATCHERY 2,003 822 2.4/l

ELOKOHIN HATCHERY 317 59 5.4/l

GRAYS RIVERHATCHERY 296 65 4.6/l

KAIANA FALLS HATCHERY 704 311 2.3/l

KIASKANINE HATCHERY 518 27 19.2/l

KLICKITAT HATCHERY 637 15 42.5/l

LEWIS RIVER-SPEELYAI  HATCHERIES 780 89 8.8/l

LITTLE WHITE HATCHERY 202 38 5.3/l

LOWER KMAMA HATCHERY 1.047 317 3.3/l

OXBOW HATCHERY 194 31 6.3/l

PRIEST RAPIDS HATCHERY 3,098 812 3.8/l

SEARESOURCES HATCHERY 402 71 5.7/l

SPRING. CREEK HATCHERY 12,187 1,603 7.6/l

STAYTON POND 5,391 805 6.7/l

TOUTLE HATCHERY 135 41 3.3/l

WASHOUGAL HATCHERY 1.758 597 2.9/l

WEYCO POND 276 67 4.1/l

0.55

0.53

0.23

0.30

0.19

0.27

0.07

0.11

0.15

0.11

0.09

0.33

0.02

0.31

0.11

0.46

0.36

0.78

0.58

0.12

0.23

0.05

Total 37,603 7,742 4.9/l 0.33
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Table 18.-- Catch, escapement, and survival data for tagged 1978-brood
fall chinook salmon from Columbia River rearing facilities.

Rearing facility

ABERNATHYHATCHERY

BIG CREEKHATCHERY

BIG WHITE POND

BONNEVILLE HATCHERY

COWLITZ HATCHERY

ELGKOMIN HATCHERY

GRAYS RIVER HATCHERY

KUAMA FALLS HATCHERY

KIASKANINE HATCHERY

KLICKITAT HATCHERY

LITTLE WHITE HATCHERY

PRIEST RAPIDS HATCHERY

SEA RESOURCES HATCHERY

SPEELYAI HATCHERY

SPRING CREEK HATCHERY

STAYTON POND

TOUTLE HATCHERY

WASHOUGAL HATCHERY

WEYCO POND

Catch/ Percent
Catch Escapement escapement survival

532 92 5.8/l 0.56

659 186 3.5/l 0.38

274 58 4.7/l 0.23

854 311 2.7/l 0.38

309 120 2.6/l 0.28

17 2 8.5/l 0.01

71 20 3.6/l 0.06

91 3s 2.6/l 0.06 .

312 1s 20.8/l 0.13

243 0 0 0.11 .

66 20 3.3/l 0.02

191 67 2.9/l 0.17

2s 0 0 0.10

325 48 6.8/l 0.24

5,044 795 6.3/l 1.01

1,884 243 7.8/l 0.75

135 41 3.3/l 0.12

277 63 4.4/l 0.13

65 9 7.2/l 0.08 .

Total 11.374 2.125 5.3/l 0.33
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Table 19.-- Catch, escapement, and survival data for tagged 1979-brood
fall chinook salmon from Columbia River rearing facilities.

Rearing facility
Catch/ Percent

Catch Escapement escapement survival

ABERNATHY HATCHERY

BIG CREEK HATCHERY

BONNEVILLE HATCHERY

COWLITZ HATCHERY

ELOKOMIN HATCHERY

GRAYS RIVER HATCHERY

KAIAMA FALL8 HATCHERY

KUSKANINE  HATCHERY

KLICKITAT HATCHERY

I LEWIS RIVER HATCHERY
I

I LITTLE WHITE HATCHERY

LOWERKALAMAHATCHERY

~
I OXBOW HATCHERY

PRIEST RAPIDS HATCHERY

SEA RESOURCES HATCHERY

SPRING CREEK HATCHERY

STAYTON POND

WASHOUGAL HATCHERY

WEYCO POND

713 146 4.9/l 0.58

1.210 279 4.3/l 1.04

139 32 4.3/l 0.14

607 166 3.7/l 0.23

64 13 4.9/l 0.08

65 10 6.5/l 0.20

210 86 2.4/l 0.29

93 2 46.5/l 0.14

249 10 24.9/l 0.16

455 41 11.1/l 0.48

46 .2 23.0/l 0.03

185 48 3.9/l 0.16

159 21 7.6/l 0.18

438 181 2.4/l 0.42

52 22 2.4/l 0.40

3,646 536 6.8/l 1.47

1,890 196 9.6/l 0.74

798 255 3.1/l 0.33

94 32 2.9/l 0.13

Total 11,113 2,078 5.3/l 0.46
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Table 20.-- Catch, escapement, and survival data for tagged 1980-brood
fall chinook salmon from Columbia River rearing facilities.

Rearing facility

ABERNATHY HATCHERY

BIG CREEK HATCHERY

BONNEVILLE HATCHERY

CIATSOP COUNTY PONDS

COWLITZ HATCHERY

EIJJKOMIN HATCHERY

GRAYS RIVER HATCHERY

KAIAHA FALLS HATCHERY

KUSKANINE  HATCHERY

KLICKITAT HATCHERY

LITTLE WHITE HATCHERY

UNERKAUMA HATCHERY

PRIEST RAPIDS HATCHERY

SEA RESOURCES HATCHERY

SPRING CREEK HATCHERY

STAYTON POND

WASHOUGAL HATCHERY

WEYCO POND

Catch/ Percent
Catch Escapement escapement survival

641 188 3.4/l

304 9s 3.2/l

388 160 2.4/l

349 17 20. S/l

741 369 2.0/l

210 36 5.8/l

140 28 5.0/l

196 86 2.3/l

68 7 9.7/l

43 4 10.8/l

56 12 4.7/l

627 191 3.3/l

1,021 249 4.1/l

56 5 11.2/l

1,950 114 17.1/l

688 88 7.8/l

446 196 2.3/l

41 16 2.6/l

1.00

0.27

0.27

0.30

0.40

0.15

0.23

0.16 .

0.07

0.04

0.03

0.53

0.54

0.14

0.40

0.32

0.21

0.02

Total 7,965 1.861 4.3/l 0.28
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Table 21.-- Catch, escapement, and survival data for tagged 1981-brood  fall
chinook salmon from Columbia River rearing facilities.

Rearing facility

ABERNATHY HATCHERY

BIG CREEKHATCHRRY

BONNEVILLE HATCHERY

CIATSOP COUNTY PONDS

COWLITZ HATCHERY

ELOKOHIN HATCHERY

GRAYS RIVER HATCHERY

KALAHA FALLS HATCHERY

KIASKANINE HATCHERY

KLICKITAT HATCHERY

LITTLE WHITE HATCHERY

LOWERKAYAMAHATCHERY

OXBOW HATCHERY

PRIEST RAPIDS HATCHERY

SEA RESOURCES HATCHERY

SPRING CREEK HATCHERY

STAYTON POND

WASHOUGAL HATCHERY

WEYCO POND

Catch/ Percent
Catch Escapement escapement survival

185 61 3.0/l 0.20

497 207 2.4/l 0.54

830 131 6.3/l 0.31

83 9 9.2/l 0.08

346 167 2.1/l 0.17

26 8 3.3/l 0.03

20 7 2.9/l 0.04

207 104 2.0/l 0.18 .

45 3 15/l 0.05

102 1 102/l 0.10

34 4 8.5/l 0.02

235 78 3.0/l 0.22

35 10 3.5/l 0.04

1,448 315 4.6/l 0.57

269 44 6.1/l 0.70

1,547 158 9.8/l 0.43

929 278 3.3/l 0.45

237 83 2.9/l 0.19

76 10 7.6/l 0.04

Total 7,151 1.678 4.3/l 0.25
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Table 22.-- Cost of rearing and benefits for the 1978-brood  fall
chinook salmon at Columbia River rearing facilities.

Rearing facility
Benefit/Cost

Rearing costs' Benefits ratio

ABERNATHYHATCHERY $ 99,915

BIG CREEKHATCHERY

BIG WHITE POND

BONNEVILLE HATCHERY

COWLITZ HATCHERY

EIDKOMIN HATCHERY

GRAYS RIVER HATCHERY

KALAHAFALLS HATCHERY

KIASKANINE HATCHERY

KLICKITAT HATCHERY

LITTLE WHITE HATCHERY

PRIEST RAPIDS HATCHERY

SEA RESOURCES HATCHERY

SPRING CREEK HATCHERY

STAYTON POND

+OVl'LE  HATCHERY

58,424

28,851

195,468

65,339 2

26,008

33,048

74,834

55,292

50,010

217,740

67,443

15,165 3

252,614

78,076

$ 262.800

611,100

228,500

1,459,900

356,700

9,600

22,900

66,600

178,900

134,800

43,300

77,900

21.300

6,179,400

1,171,100

22,689 66,800

2.6/l

10.4/l

7.9/l

7.5/l

5.5/l

0.4/l

0.7/l

0.9/l

3.2/l

2.7/l

0.2/l

1.2/l

1.4/l

24.5/l

15.0/l

2.9/l
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Table 22.-- (Continued)

Rearing facility
Benefit/Cost

Rearing costs1 Benefits ratio

WASHOUGAL HATCHERY 74,202 220.600 3.0/l

WEYCO POND 17.016 ' 7.500 0.4/l

Total $1.432.134 $11,187,600 7.8/l

.
' Includes: food, chemicals and drugs, labor, overhead,
transportation, supplies, equipment. power. maintenance.

Power cost estimated as an average of other WDF facilities.
chinook salmon at Columbia River rearing facilities.

3 Cost estimated as an average cost for fish released at WDF
facilities.
,

4 Labor cost estimated as a ratio of the average food cost to
labor cost at other WDF facilities.
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Table 23.-- Cost of rearing and benefits for the 1979-brood  fall
chinook salmon at Columbia River rearing facilities.

Rearing facility
Benefit/cost

Rearing costs' Benefits ratio

ABERNATHYHATCHERY $ 136,832

BIG CREEK HATCHERY 61.820

BONNEVILLE HATCHERY 187,289

COWLITZ HATCHERY 85,876 2

ELOKOI'lIN  HATCHERY 32,933

GRAYS RIVER HATCHERY 42,995

KNAHA FALLS HATCHERY 118,734

KLASKANINE HATCHERY 46,577

KLICKITAT HATCHERY 50,965

LITTLE WHITE HATCHERY 180,100

LOWER KAIAMA HATCHERY 30,189 3

OXBOW HATCHERY 24,792

PRIEST RAPIDS HATCHERY 86,638

SEA RESOURCES HATCHERY 12,657 4

SPRING CREEK HATCHERY 255,111

STAYTON POND 90,748

$ 431,200 3.2/l

1,881,100 30.4/l

169.900 0.9/l

834,100 9.7/l

36,000 1.1/l

46,400 1.1/l

231,400 1.9/l

91,300 2.0/l

152,700 3.0/l

95,600 0.5/l

171,300 5.7/l

143,700 5.8/l

300,500 3.5/l

96,100 7.6/l

6,786,400 26.6/l

1.788,800 19.7/l
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Table 23.-- (Continued)

Rearing facility
Benefit/cost

Rearing costs1 Benefits ratio

WA!IHOUGAL HATCHERY 56,814 613,700 10.8/l

WEYCO POND 22,725 ' 66,500 2.9/l

Total $1.523.795 $14.874.700 9.8/l

1 Includes: food, chemicals and drugs, labor, overhead,
transportation, supplies, equipment, power, maintenance.

2 Power cost estimated as an average of other WDF  facilities.

3 Rearing cost estimated from the ratio of food cost at Lower
Ralama Hatchery and total food cost at all other WDF hatcheries
to rearing cost at Lower Ralama and total rearing cost at all
other WUF hatcheries.

4 Cost estimated as an average cost for fish released at WDF
facilities.

5 Labor cost estimated as a ratio of the average food cost to
labor cost at other WDF facilities.
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Table 24.-- Cost of rearing and benefits for the 1980-brood  fall
chinook salmon at Columbia River rearing facilities.

Benefit/cost
Rearing facility Rearing costs' Benefits ratio

ABERNATHY HATCHERY $ 111,196

BIG CREEK HATCHERY 67,471

BONNEVILLE HATCHERY 168,098

CLATSOP COUNTY PONDS 31,316

COWLITZ HATCHERY 91,480 2

ELOKOMIN HATCHERY 38,580

GRAYS RIVER HATCHERY 38,187

KALAMA FALLS HATCHERY 141.898

KLASKANINE HATCHERY 51,818

KLICKITAT HATCHERY 59,703

LITTLE WHITE HATCHERY 185,900

LOWER KALAMA HATCHERY 17,847 3

PRIEST RAPIDS HATCHERY 121,093

SEA RESOURCES HATCHERY 15.832 4

SPRING CREEK HATCHERY 258,360

STAYTON POND 72,731

$ 426,400 3.8/l

379,700 5.6/l

569.500 3.4/l

300,200 9.6/l

607,700 6.6/l

77,600 2.0/l

62,400 1.6/l

154,900 1.1/l

44,000 0.8/l

20,500 0.3/l

74,500 0.4/L

470.600 26.4/l

558,800 4.6/l

27,700 1.8/l

978,200 3.8/l

668,400 9.2/l
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Table 24.-- (Continued)

Rearing facility
Benefit/cost

Rearing costs' Benefits ratio

WASHOUGAL HATCHERY 106,096 333,600 3.1/l

WEYCO POND 52,299 5 43 ) 500 O.&I/l

Total $1,629,905 $5,805,100 3.6/l

' Includes: food, chemicals and drugs, labor, overhead,
transportation, supplies, equipment, power, maintenance.

2 Power cost estimated as an average of other WDF facilities.

3 Rearing cost estimated from the ratio of food comt at Lower
Kalama Hatchery and total food cost at all other UDF hatcheries
to-rearing cost at Lower Kalama and total rearing coat at all
other UDF hatcheries.

4 Cost estimated as an average cost for fish released at WDF
facilities.

5 Labor cost estimated as a ratio of the average food cost
to labor cost at other WDF facilities.
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Table 25.-- Cost of rearing and benefits for the 1981-brood fall
chinook salmon at Columbia River rearing facilities.

Benefit/costs
Rearing facility Rearing costs' Benefits ratio

ABERNATHY HATCHERY $ 117,602

BIG CREEKHATCHERY 70,104

BONNEVILLE HATCHERY 220,997

CLATSOP COUNTY PONDS 25,194

COWLITZ HATCHERY 118,998 2

ELOKOMIN HATCHERY 39,153

GRAYS RIVER HATCHERY 22,324

KALAMA FALLS HATCHERY 147,882

KLASKANINE HATCHERY 45,653

KLICKITAT HATCHERY 63,367

LITTLE WHITE HATCHERY 242,100

LOWER KAlAMA HATCHERY 29,755 3

OXBOW HATCHERY 30.973

PRIEST RAPIDS HATCHERY 119,884

SEA RESOURCES HATCHERY 15,005 4

SPRING CREEK HATCHERY 267,625

STAYTON POND 75.819

$ 75,000 0.6/l

531,300 7.6/l

491,100 2.2/l

39,100 1.6/l

318,100 2.7/l

18,400 0.5/l

7,200 0.3/l

122,400 0.8/l

22,900 0.5/l

47,900 0.8/l

29,600 0.1/l

143,600 4.8/l

48,200 1.6/l

489,600 4.1/l

102,500 6.8/l

1.084,OOO 4.1/l

749 ) 000 9.9/l
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Table 25.-- (Continued)

Rearing facility
Benefit/costs

Rearing costs' Benefits ratio

WASHOUGAL HATCHERY 57,017 109,400 1.9/l

WEYCO POND 38,750 5 40 ) 300 1.0/l

Total $1.748.202 $4.374.800 2.5/l

' Includes: food, chemicals and drugs, labor, overhead,
transportation, supplies, equipment, power, maintenance.

2 Power cost estimated as an average of other WDF facilities.

3 Rearing cost estimated from the ratio of food cost at Lower
Kalama Hatchery and total food cost at all other WDF hatcharies
to rearing cost at Lower Kalama and total rearing cost at all
other WDF hatcheries.

4 Cost estimated as an average cost for fish released at WDF
facilities.

5 Labor cost estimated as a ratio of the average food cost to
labor cost at other WDF facilities.
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By rearing facility across all broods, the benefits ranged from a a high
of $ 6.8 million for the 1979-brood fall chinook salmon from Spring
Creek Hatchery to a low of $ 7,200 for the 1981-brood fish from Grays
River Hatchery. In general, benefits increased as fishery contribution
increased.

By rearing facility over the four brood years, benefit to cost ratios
ranged from a high of 26.6 to 1 for the 1979-brood fish from Spring
Creek Hatchery to a low of 0.1 to 1 for the 1981-brood from Little White
Hatchery. Benefit to cost ratios were less than one for at least one
year at 2% (18 of 73) of the rearing facilities over the four brood
years. Little White Hatchery was the only facility with a less the 1 to
1 ratio for all four brood years. Elokomin, Grays River, Kalama Falls,
Klaskanine, and Klickitat hatcheries and Weyco Pond had a negative ratio
for two brood years.

Downstresm Migrant Recoveries

One of the objectives of the sampling of the downstresm migrants in the
Columbia River estuary was to provide capture proportions which could be
related to adult survival (Dawley et al. 1986). Estuarine recoveries do
not directly represent numbers of fish in the river, but rather vary due
to factors affecting catch efficiency: fish size, release location and
date, river flow, and survival to the point of recovery. In previous
studies, comparisons of estuarine recovery percentages among marked
groups have been used successfully to identify survival changes during
riverine migration resulting from treatment differences among similar
groups (i.e. size at release for yearling fish and stock differences.
The survival differences to the estuary in these cases correlated with
adult survival data (Dawley et al. 1986). However, for these
subyearling fall chinook salmon, estuarine recoveries were generally not
an indicator of adult survival. There are several reasons for this.
First, there were too few replicate releases to adequately compare
juvenile versus adult recoveries. Second, there are no treatment
comparisons which are appropriate for juvenile versus adult comparisons
because of differences in fish size at release, and release date and
location. Third, the duration of the study was insufficient to develop
a model for expected survivals to the estuary which could be compared to
new recovery proportions for identifying abnormal survival to the
estuary in relation to adult recovery differences. Finally, adult
recovaries can be strongly influenced by unknown conditions during ocean
residence .

Recoveries of tagged fall chinook salmon from Priest Rapids Hatchery at
McNary and John Day dams are only indicative that the tag groups were
migrating downstream after release. Comparisons of recovery numbers at
different locations are not valid because of differences in fish
guidance efficiency at the dams and sampling effort at the different
recovery locations.
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Fishery and Age Distribution of Catch

During the study with 1961-- through 1964-brood  fall chinook salmon from
Columbia River hatcheries, the average distribution of fishery
recoveries was similar to the distribution of the 1979-brood fish. The
greatest proportion of the recoveries for the 1961 - 1964 broods was to
the Washington fisheries (38.1%). followed by British Columbia (33.7%),
and Columbia River (23.1%). The British Columbia recovery proportion
ranged from 27 to 39% for all 1961- through 1964- brood fish. The
Washington recovery proportion ranged from 33 to 39% (Wahle and Vreeland
1978). In the present study, the British Columbia recovery proportion
ranges from 33 to 53%. while the Washington recovery proportion ranges
from 8 to 37%. The British Columbia recovery proportions equal or
exceed 50% for the 1980 and 1981 broods. The Washington recovery
proportions decreased dramatically from 37% for the 1979 brood to 21 and
8% for the 1980 and 1981 broods respectively.

Fall chinook salmon from Spring Creek Hatchery have typically
contributed most heavily to the Washington fisheries (Wahle and Vreeland
1978). This was also the case for the 1978 and 1979 broods (37 and 39%
respectively). For the 1980 and 1981 broods, the fall chinook
from Spring Creek contributed most heavily to the British Columbia
fisheries (44 and 43% respectively) (Appendix Tables 1 - 4).
Thus there appears to be a northerly shift in fishery recoveries
during this study.

A factor in the apparent more northerly distribution may be the 1982 -
1983 El Nino (unusually warm sea surface temperatures in the northeast
Pacific Ocean) (Hayes and Henry 1985). The El Nino would have effected
the 1980-brood fall chinook in their second and third years of life and
the 1981 brood in their first and second years. The warmer water moving
up from South America may have pushed some of the fish farther to the
north.

Another factor in the apparent northerly shift in recovery distribution
is the changes that were occurring in the fishing seasons during the
later years of this study (1984 - 1986). As a result of the Pacific
Salmon Treaty between Canada and the United States, time and area
closures in fisheries were instituted to restrict recoveries of certain
stock of chinook salmon. Quotas for marine catches of chinook salmon
were established by fishery managers in Alaska, British Columbia,
Washington, and Oregon in 1984 (Anon. 1984). The quota established for
1984 in the west coast Vancouver Island troll fishery was equal to that
for 1983. The length of the Georgia Strait troll fishery was reduced
from April 15 - September 30 in 1983 to July 1 - August 31 in 1984. The
west coast Vancouver Island and Georgia Strait fisheries are the primary
locations of recovery in British Columbia of fall chinook salmon from
the Columbia River. Despite the quotas and changes in fishing time, the
British Columbia catch of chinook salmon in 1984 exceeded the 1983 catch
and the 1984 quotas. Neither the catch or the effort in the British
Columbia fisheries was reduced by the regulation changes (Anon. 1984).
The quotas for ocean chinook fisheries in 1984 severely restricted
catches off Washington and Oregon. This was done to protect depressed
fall chinook salmon stocks in the Columbia River and coho salmon stocks
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in Washington coastal tributaries. The 1984 troll catch of chinook
salmon in Washington was 40% of the 1983 catch (Anon. 1984).

The fishery changes in 1984 effected the 4-year-old fall chinook salmon
from the 1980 brood and the 3-year-old  fish from the 1981 brood. The 3-
and 4-year-olds comprise 85 - 90% of the catches of fall chinook salmon
from Columbia River rearing facilities. Thus the reduction in catch in
Washington and Oregon fisheries and the increase in catch in the British
Columbia fisheries is a likely factor in the apparent northern shift of
catch distribution during this study.

The proportion of the recovery in the Alaska fisheries also increased
from the 1978 to the 1980 and 1981 broods. The Alaska proportions of
the recovery were 1.2, 3.1, 6.6, and 4.8 for the 1978 through 1981
broods respectively (Figure 7). Potential reasons for the increase in
Alaska recovery for the later brood years are the El Nino and changes in
the Alaska marine fisheries in 1984 and 1985. The length of the
comercial troll fishing season in Southeast Alaska has been reduced
from 149 days in 1980 to 41 days in 1986 (Davis and Seibel 1989). The
reduced fishing seasons were achieved by concentrating the fishing in
the sumeez months (June, July, and August) rather than spreading the
season out from April to September. The over 70% reduction in fishing .
time resulted in only a 30% reduction in catch (Davis and Seibel 1989). 
The reduced fishing time may have increased the fishing effort on fall
chinook salmon from Columbia River rearing facilities.

The Alaska recoveries of fall chinook salmon from Columbia River
facilities came almost exclusively from WDF facilities. Only two non-
UDF facilities (Sea Resources Hatchery, 1979 brood and Abernathy
Hatchery, 1980 brood) contributed fish to the Alaska fisheries (Appendix
Tables 2 and 3). Both of these facilities are located on Washington
tributaries to the Columbia River. It is difficult to compare this
trend with recoveries in the 1961- through 1964-brood study. Fishery
sampling in the Alaska fisheries did not take place during all of the
seven recovery years for the earlier study, and all hatcheries were not
uniquely identified with a mark each year of the study. However, the
only hatcheries known to contribute fish to the Alaska fisheries during
the 1961 - 1964 study were Kalama Falls and Lower Ralama (WDF
facilities) (Wshle and Vreeland 1978).

The primary reason for the change in age distribution among the broods
is the contribution of fall chinook salmon from Spring Creek Hatchery.
The predominance of 3-year-old fish from Spring Creek Hatchery, nearly
80% (Appendix Tables 5-8). recovered in the fisheries for the 1978 and
1979 broods greatly influenced the age distributions for these two
broods. When the contribution from Spring Creek Hatchery dropped
dramatically for the 1980-brood  fish, the contribution proportion for
WDF facilities increased (Figure 17). The WDF facilities appear to
produce fish that contribute more heavily as 4-year-olds (Figure 9).
The Spring Creek Hatchery and ODFU facilities contribution proportions
increased slightly for the 1981 brood, and except for Priest Rapids
Hatchery, contribution'proportions  from WDF facilities decreased
slightly (Figure 18). Like Spring Creek, fall chinook salmon from ODFW
facilities appear to contribute to the fisheries more heavily as 3-year-
old fish (Figure 9).
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It is not clear why fall chinook salmon from WDF facilities appear to
contribute to the fisheries more heavily as 4-year-olds  and those from
USFWS and ODFW facilities contribute more heavily as 3-year-olds. It is
possible that there is a genetic reason for the apparent later maturity
of the fish from WDF facilities. However, with the lower Columbia River
stock of fall chinook salmon (Tules) there has been considerable
transfer of fish from ODFW facilities (Big Creek and Bonneville) and
USPWS facilities (Spring Creek and Abernathy) to all WDF facilities
except Priest Rapids Hatchery. This in combination with straying of
fish among facilities would seem to eliminate any genetic differences
among the fall chinook salmon reared at the facilities. Fish from
Priest Rapids Hatchery are the upriver bright stock, which is
genetically different than the Tule stock (Milner et al. 1985). Thus,
there does appear to be a genetic basis for the different fishery and
age distribution of fall chinook salmon from Priest Rapids Hatchery when
compared to fall chinook salmon from other rearing facilities on the
Columbia River.

A possible reason for the apparent later maturity for the Tule stock of
fall chinook salmon from WDF  facilities is that the fish from WDF
facilities tend to be released later and at a smaller size than Tule
stock from ODFW and USFWS facilities (see Tables 1 - 4). This smaller
size and later release may result in less ocean residence time during the
first year of ocean life and possibly lead to later maturity.

Comparison of the age distribution of the 1978 through 1981 broods of
fall chinook salmon with those for the 1961 though 1964 broods May be
confounded by the difference in marking methods and the size of the fish
released. Fin and maxillary bone removal was used to mark fall chinook
salmon during the 1961-- through 1964-brood study. There was some
indication that the marking may have delayed maturity causing the fish
to stay in the ocean a year longer than the unmarked fish. The fish in
the earlier study were also released at a smaller size, 220 to 661
fish/kg (100 to 300 fish/pound) than those in the 1978 - 1981 study
(Wahle and Vreeland 1978). Release of smaller fish may tend to &lay
maturity and cause the fish to stay in the ocean a year longer. Despite
these potential problems, the trend for the two studies was similar with
about 60% of the fall chinook salmon from the 1961- through 1964-brood
study being recovered as 3-year-olds and about 30% being recovered as 4-

. year-olds.

Comparisona among hatcheries between the 1961 - 1964 study and the 1978
- 1981 study are not possible because the marking limitation (number of
distinct marks available which were thought to have limited effect on
survival of the fish) prevented individually identifying the production
from each hatchery in the earlier study. However, two hatcheries were
special marked (Spring Creek and Kalama River hatcheries) during all
four brood years of the 1961 - 1964 study. For the 1961 - 1964 study,
Spring Creek Hatchery fish contributed most heavily as 3-year-olds  (62
to 70%). In the 1978 - 1981 study, 3-year-old recoveries of Spring
Creek Hatchery fish ranged from 77 to 82% (Appendix Tables S-8). The
lower proportion of 3-year-olds in the earlier study may have been due
to the smaller release size and the delayed maturity impact of the mark;
removal of the adipose and left ventral fins and a portion of the
maxillary bone (Wahle and Vreeland 1978).
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For the Kalama River Hatcheries (Kalama Falls and Lower Kalama
combined), in the earlier study,the 3-year-old  recovery proportion
ranged from 20 to 52% and the 4-year-old recovery proportion ranged from
34 to 63%. Fishery recoveries of 3-year-olds predominated for two
broods (1962 and 1963) and recoveries of 4-year-olds  predominated for
the other two broods (1961 and 1964) (Wahle and Vreeland 1978). For
the 1970 - 1981 study, the 4-year-old recovery proportion predominated
for all four broods from Kalama Falls Hatchery and two out of three
broods from Lower Kalama Hatchery (Appendix Tables S-8). If the marking
method and smaller release size of the 1961- 1964 study delayed maturity
by a year, one would expect the 4-year-olds  to be predominant for all
brood years in the earlier study. Thus t h e  delayed maturity due to
release. size and marking method in the earlier study is not well
supported by the comparison of the two studies.

Fishery Contribution Estimation

The contribution estimates presented in Tables 13 though 16 are
considered minimum values for Several reasons. First, most, but not all
releases from the facilities were represented by tagged fish. Second, .
marking and tagging took place at some facilities for purposes other
than the contribution study, and these other marked or tagged groups
have not been included. Finally, fishery sampling took place in the
major marine and freshwater fisheries, but some fisheries were not
sampled (Alaska sport fishery) or observed recoveries could not be
expanded (British Columbia sport fishery). There is a potential for
recoveries of tagged fall chinook salmon from this study in these
fisheries.

The reasons for the apparent differences in fishery contribution and
survival among broods are not abundantly clear. The most likely reason
would seem to be conditions in the ocean. The influence of ocean
conditions on survival of salmonids has been postulated by many fishery
scientists (Pearcy 1984). Factors such as ocean upwelling (Gunsolus
1978), predation (Varoujean and Matthews 1983). and sea surface
temperature (Mathews 1984) May all play a part in survival of salmonids.
The Conditions the four broods of fall chinook salmon faced after release
were very different. The 1978 brood, released in 1979, entered what
might be termed normal conditions. The 1979-brood fall chinook salmon
migrated downstream in the Columbia River before, during, and after the
eruption of Mt. St. Helens on M a y 18. 1980. The 1980 and 1981 broods
were in the ocean during the El Nino of 1982 and 1983 (Buyer and Smith
1985). The El Nino influenced marine conditions  as far north as the
Queen Charlotte Islands in British Columbia (Tabata 1985). If one were
only looking at these factors, it would appear the the eruption of ht.
St. Helens had a positive effect on survival and the El Nino had a
negative effect. However, individual rearing facility survivals
indicate this is a too simplistic view since fall chinook salmon from
all facilities did not react to these events in the same manner.

Stayton Pond contributions and survivals remained stable for the first
two brood years (6.7 fish caught per 1000 releases and 0.6 and 0.8%
total survival for the 1978 and 1979 broods respectively) and then
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dropped for the last two broods (2.8 and 3.5 fish per 1000 releases and
0.3 and 0.5% survival for the 1980 and 1981 broods respectively) (Tables
13 - 21). Nothing in the rearing and release data provide a clue as to
the reason for the differences in contribution and survival. Stayton
Pond is located on the Willamette River system. Fish are not released
directly from the pond. They are collected and transported by truck to
various Willamatte River tributaries. The releases took from two to six
weeks with avarage release sizes in the 70 to 90 fish per pound range
for the four broods. From 4.7 to 6.7 million fish were released each
year and no diseases were noted. Measurements of the status of
smoltification were not mada at Stayton Pond. Recoveries of migrating
tagged fish were made at Jones Baach for all four broods. Numbers of
recoveries at Jones Reach do not imply the differences in survival are
due to freshwater conditions. The protracted release periods eliminate
the possibility of examining migration rate to Jones Beach as an
indication of smoltification status. It appears the El Nino event had
a negative impact on the survival of fall chinook salmon from Stayton
Pond.

Spring Creek Hatchery showed a trend similar to that for Stayton Pond.
The one difference is that 1979-brood  fish from Spring Creek Hatchery
had the greatest survival of all broods and rearing facilities
Releases from Spring Creek Hatchery were made at four different times .
and sizes for all four brood years: March, April, May, and August.
Release times and sizes were about the same each year There is some
indication that suggests development of l mollification may play a part
in survival. The quantity of an enzyms (ATPue) in the gills of the
fish increases as salmonids near the time of migration and entry into
sea water (Zaugg and McClain 1970). Measuremants were mada of the
quantity of ATPase in the gills of fall chinook salmon during the
rearing period throughout this study. ATPase levels had begun to
increase prior to any of the releases of 1978- and 1979-brood fish
(Prentice et al. 1980 and 1981). The enzyme level did not incraase
prior to release of any of the 1980-brood  fish and did not increase in
the 1981 brood until just before the May release (Zaugg [In press]).
The 1981-brood fish from the May release had the greatest fishery
contribution rate and survival of any fall chinook salmon released from
rearing facilities -for the 1980 and 1981 broods.

Levels of ATPase  were not collected at all facilities for each brood
year. Thus it is impossible to know if development of ATPase played a
part in Abernathy, Sea Resources, Priest Rapids, Cowlitz, Elokomin and
Lower Kalama hatcheries having their greatest contributions for the 1980
and 1981 broods, when the average contributions for these broods were at
the lowest values. There are no hatchery data that provide a clue as to
why some facilities had their best contributions to the fisheries in
years when other facilities had their lowest contributions.
There are two potential reasons for the greater survival of 1980- and
1981-brood fall chinook salmon from Priest Rapids Hatchery. The first
reason is that the fish from Priest Rapids Hatchery are a different
stock of fall chinook salmon, upriver brights. The Priest Rapids stock
tend to have a more northerly distribution than the lower river stock as
shown by the greater proportional contribution of Priest Rapids fish to
the Alaska fisheries. It is possible the more northerly distribution
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provided a survival advantage for fish from Priest Rapids Hatchery
during the El Nino years.

Another potential  reason for the greater survival of the later broods
from Priest Rapids Hatchery is the transportation program at McNary Dam.
McNary Dam is the first dam below Priest Rapids Hatchery. The
experimental  phase of transportation of salmonids from McNary Dam to
below Bonneville Dam began in 1978. Downstream migrating salmonid
smolts were diverted from the turbine intakes at McNary Dam by submerged
traveling screena. These diverted fish were collected in raceways at
the dam and then placed in tank trucks or barges for transport
downstream and release below Bonneville Dam. In 1979 and 1980 when the
1978 and 1979 broods of fall chinook salmon from Priest Rapids Hatchery
were migrating downstream, about 100,000 fall chinook each year were
transported from McNary Dam (Park 1985). In 1981, transportation at
McNary Dam became an operational program (Athearn 1985), when research
results indicated a positive survival benefit for transported salmonids,
particularly fall chinook (Park 1985). In 1981 and 1982 (during the
migration of the 1980 and 1981 broods) 2.1 and 1.7 million fall chinook
salmon smolts respectively were transported from McNary D a m  (Athearn
1985). One could assume that this transportation had some positive
benefit on the contribution and survival of the 1980 and 1981 broods o f
fish from Priest Rapids Hatchery. The extent of the transportation

'benfit is unclear because the number of Priest Rapids Hatchery fish
tranaported is unknown. The number is a factor of the fish guiding
efficiency of the turbine screen at McNary Dam, the size of fish
releaed and the time of release from Priest Rapids Hatchery, and spill
at McNary Dam.

In general for the 1978 and 1979 broods, the hatcheries which released
fish prior to June at a size larger than 220 fish/kg (100 fish/pound)
had the greatest survivals. This trend is not clear for the 1980- or
1981-brood fish. For the 1980 brood there appeared to be a possible
trend of the larger the fish at release the better the survival. The
size/survival  relationship was not clear for the 1981 brood.

The ability to determine the reasons for the apparent differences in
fishery contributions and survivals among broods, rearing facilities
within broods, or releases within rearing facilities is limited in this
study The study was not designed to determine the reasons for
differences, but to indicate if differences did in fact exist and
suggest how great the differences might be. Survival influencing
factors likely include rearing environment, stock of fish, time of
release, size of release, health of fish, status of smoltification at
release, release location, and ocean conditions. Analysis of the
factors which may affect survival is complicated by the limited data
available. Examination of some factors is limited to noting an
occurrence. For example, there are no quantitative measures for disease
history. It is not possible to make a comparison between groups of fish
where group A is known to be X percent healthier than group B. The most
that can be done is to note group A had certain diseases and group B had
none. Thus the disease history differences would be a potential reason
for survival differences. Because of the confounding nature of the
factors which may influence survival, isolating one or more of them as
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key factors is impossible given the rearing, release and recovery data
available.

It seems likely the 1982 - 1983 El Nino would have a profound influence
on the survival of salmonids in the northeast Pacific. The apparent
reductions in overall contributions and survivals of the 1980 and 1981
broods of fall chinook when compared to the 1978 and 1979 broods are
likely an indication of the influence of the El Nino. However, rearing
facilities and release within the 1980 and 1981 broods were not equally
effected. This indicates factors affecting the fish prior to ocean
entry may also play an important part in the l subsequent contribution and
total Survival.

The average fishery recovery to release ratio for the 1961 - 1964 broods
of fall chinook salmon from Columbia River hatcheries was 6.7 fish
recovered per 1,000 releaes. The ranges by brood were 3.1 to 10.0
(Wahle and Vreeland 1978). The average for the 1978 - 1981 broods is
over three times less than for the past study (1.9 fishery recoveries
per 1,000). The greatest fishery recovery ratio for a brood (4.7
fishery recoveries per 1,000 releases for the 1979 brood) is under half
the greatest fishery recovery rate for the put study. Thus, it appears
the 1978 - 1981 broods of fall chinook salmon from Columbia River
hatcheries did not contribute as well to the fisheries u in the past .
Study The greatest fishery recovery ratio for the put study  for any
one hatchery vu for the 1964-brood fish from Spring Creek Hatchery:
26.5 fishery recoveries per 1,000 releases (Wahle and Vreeland 1978).
For this study, the greatest ratio also came from Spring Creek Hatchery,
but vu only 12.7 fishery recoveries per 1,000 releases.

A partial reason for the decline in fishery recoveries of fall chinook
salmon is the changes in the fishery regulations designed to reduce
catches of these fish in the marine fisheries. These changes were
taking place in the ocean fisheries off the coasts of all the Pacific
coast states and British Columbia in the early to mid 1980's (Anon.
1984, Davis and Seibel 1988). The other reason for the decline is a
lower survival of fall chinook salmon from Columbia River hatcheries.
This will be discussed in more &tail later under 'Total Suntival".

Rearing Facility and Adjacent Stream Returns

Fishery contribution to escapement and survival estimates  presented in
Tables 17 through 21 should be used with caution. Escapement values are
minimums for two reason Sow adult traps at return facilities are not
effective at recovering returning 2-year-old fall chinook salmon (Kalama
Falls and Lower Kalama hatcheries). At other hatcheries some fish may
be passed upstream to spawn or be caught in special fisheries (Kalama
Falls and Washougal hatcheries). Stream surveys could not observe or
recover all fish in the stream. Expansion factors for unsampled fish
were not applied to the stream survey data by all recovery agencies. To
maintain consistency, the stream survey data included in the escapement
in this report are for observed recoveries of tagged fish only.

The reasons for the apparent differences  in age proportions in the
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returns and in the fisheries are not completely clear. There appear to
be several compounding factors. One might expect to see a higher
proportion of 2-year-old fall chinook salmon in the returns than in the
fishery recoveries because of catch size limitations in the ocean
fiaheries and mesh size limitationa in the Columbia River commercial
fisheries. This is the case for some facilities but not for others.
The inefficiency of some facilities in trapping 2-year-old fish at
return confounds the expectation. The difference in sampling scheme in
the fisheries and at return likely plays a part in the difference in
proportiona. The fisheries were randomly sampled at a 15% to 20% rate.
In moat cases all returns to rearing facility are sampled for tagged
fish. With small numbers of 5- and 6-year-old fish, the sampling scheme
at the rearing facilities would be more likely to detect the older
returns. The ability of adult fish to reach the rearing facilities
because of stream flow may be a confounding factor. Straying of adults
to adjacent streams, where only observed data were used likely also
contributes  to the differences between the age proportions in the
fisheries and at return.

There is also a possibility that fishery selectivity may play a part in
the apparent differences in ages in the fishery contribution and at
return. There are four likely ages for returning fall chinook salmon, .
2-, 3-, 4-,, and 5-year-olda. It is not known how the fall chinook
salmon are mixed in the fisheries. One might suspect that fish from a
rearing facility remain u a loose group in the ocean until part of the
group reaches  a certain stage of maturity. At that point, the more
mature fish would leave the population and return to the natal stream.
In this case, unequal fishing pressure could occur on the separated
groups during any one year. For example, 3-year-old fall chinook salmon
from a Columbia River rearing facility could be recovered in September
in the Columbia River fisheries, during the spawning migration, and in
Washington troll fisheries during the same time period. The two groups
of fish could be subject to different fishing pressures due to different
locationa, types of gear, and fishing regulations. The same unequal
fishing pressure may occur in the ocean depending on the amalgamation of
fish, location of the groups, and when the maturing fish leave the rest
of the population. Unequal fishing pressure on separated groups of fall
chinook salmon from the same rearing facility might result in a
different age structure in the fishery contribution than at return to

the rearing facility.

The reuoru  for the extent of straying of tagged fall chinook salmon
from this study are not well understood. In some cases, homing to the
parent stream has been found to be quite exact (Rounaefell  end Kelez
1938; Taft and Shapovalov 1938; Donaldaon and Allen 1957; Ellis 1968;
Jensen and Duncan 1971; Mahnken and Joyner 1973; Vreelend, Wehle, and
Arp 1975, Scholz et al. 1976; Vreeland and Wahle 1983). Olfaction is
reported to be important in the homing of adult salmon (Hasler and Wisby
1951; Wisby and Hasler 1954; Groves, Collins, and Trefethen 1968). It
has been theorized that the homing imprint is acquired rapidly before
and/or during downstream migration (Hasler 1966; Carlin 1968; Wagner
1969; Hasler, Scholz, and Horrall 1978).

There are reports in the literature of sizable numbers of straying salmon
(Shapovalov and Taft 1954) and straying in non-natal river for a
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considerable distance (IkLeod and O'Neil 1983). Quinn and Fresh (1984)
reported a 1.4% straying rate for spring chinook salmon from the Cowlitz
River Hatchery.

There are several factors which may play a part in the extent of
straying in this study. Many of the past studies on homing have been
conducted with coho salmon (Oncorhynchus kisutch) and steelhead trout
(Oncorhyzxhus  mykiss). These species are normally released as
yearlings and at a larger size than the sub-yearling fall chinook salmon
(Wahle and Smith 1979). The imprinting of fall chinook salmon may occur
at a different time and/or over a longer period of time. Also, past
work with salmon homing did not have the advantage of the coded wire
tag, which allows exact identification of the returning fish. This
marking method may reveal straying that past methods (primarily fin
removal) may not have shown.

It is also possible that the release environment may play a part in the
extent of straying. It appeared the greatest amount of straying
occurred among facilities that released into tributaries emptying into
the Columbia River estuary. The tidal influence in the estuary may move
the fish around the estuary as the imprinting process is taking place.
There is some evidence that some fall chinook salmon moved upstream upon
entering the estuary. There were some recoveries at Jones Reach of fish.
releued into tributaries entering the estuary below the JOMS Reach
sampling site (Tables 5 and 6). A number of stray fall chinook salmon
entered Bonneville Hatchery imediately below Bonneville Dam. The delay
of adult salmon caused by Bonneville Dam may contribute to the number of
strays at Bonneville Hatchery. Another factor which may contribute to
straying is the low stream flows in the fall when fall chinook salmon
return to spawn. Low-flows at certain times in the parent stream may
cause the salmon to seek other spawning sites. Also, once a stray fish
enters a hatchery or trap, it &es not have the option to leave to seek
the parent spawning site.

Olfactory nerve &generation has been noted in chum (Oncorhpchus  keta)
and chinook salmon caused by misplacement of the coded wire tag
(Morrison and Zajac 1987). It is possible this type of damage alters
the homing behavior of salmon. Misplacement of coded wire tags would be
more likely in fish tagged at a small size, as is the case with fall
chinook salmon.

It is clear some fish turn off into tributaries long before reaching the
parent stream (Washougal Hatchery fish in the Kalema River), and other
fish bypass the release facility (Priest Rapids Hatchery fish at Wells
Dam). It is also clear that some fish make large homing errors, as
evidenced by the two returns of Columbia River fall chinook salmon
outside the Columbia River system. This number is extremely small
considering the number of hatcheries involved in this study and the
numbers of tagged fish released. In a study at Cowlitz Hatchery with
spring chinook salmon, by comparison, 10 fish strayed to areas outside
the Columbia River over four brood years (Quinn and Fresh 1984). It is
interesting to note that the fall chinook salmon straying outside the
Columbia River returned to hatcheries located on tributaries at the
southern end of the Puget Sound and Willapa Bay.
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Total Survival

Total survival estimates in this report are minimums because the fishery
contribution estimations are minimums for the reasons described under
'Fishery Contribution" and the escapement numbers include only observed
recoveries from stream surveys.

It is not clear why the 1980 brood fish had lower fishery recovery ratio
but higher survival when compared to the 1981 brood. The El Nino could
have had a greater impact on the 1981-brood  fish than the 1980 brood
because it occurred during the first year of ocean life for the the 1981
brood. This accounts for the lower survival of the 1981 brood. But
changes in the fishery regulations, beginning in 1984 to reduce the
catches of fall chinook stocks, did not have an impact in the British
Columbia fisheries until 1985. The regulations reduced the recoveries
off the Washington coast in 1984, but the ocean recoveries in British
Columbia were greater in 1984 than 1983. This was particularly true for
the Vancouver Island fisheries where the the recovery in 1984 was over
120,000 fish greater than in 1983 (Pacific Salmon Comission 1986). The
Vancouver Island fisheries recover the greatest proportion of the
Columbia River chinook salmon in British Columbia. Regulation changes .
did not begin to impact the British Columbia fisheries until 1985
(Pacific Salmon Comiaaion  1986). The British Columbia fisheries in
1983 and 1984 would have impacted the 3- and 4-year-old fish of the 1980
brood, which account for 90% of the fishery recoveries, and the 2- and
3-year-old fish of the 1981 brood. The fishery regulations and
recoveries would seem to imply that the fishery contribution to release
ratio would be higher for the 1980 brood than the 1981 brood rather than
the opposite.

The survival estimates for fall chinook salmon from Columbia River
rearing facilities are lower for this study than for the 1961- through
1964-brood  study. The average survival for the 1961 - 1964 study was
0.007, with a range among broods from 0.003 to 0.011 (Wahle and Vreeland
1978). Thus, there appears to have been a reduction in survival of fall
chinook salmon from Columbia River rearing facilities between the 1961 -
1964 brood study and this one.

The reduction in survival from the 1960's study to the present study was
not expected. Fall chinook salmon were released at a larger size during
the 1978 - 1981 brood study. The rearing conditions  at the facilities
were believed to be improved from the earlier study. These factors have
been shown to improve the survival of salmon (Fowler and Banks 1980;
Fowler et al. 1980; Fowler et al 1980). However, the reduced survival
of chinook salmon stocks since the late 1960's and early 1970's is not
unique to Columbia River rearing facilities. Fresh. Schroder, and
Shepard (1987) determined the fall chinook salmon survival in the
Columbia River reached a peak in 1967 and began a steady decline in the
late 1960's or early 1970's. Wild and hatchery fish were both subject
to this decline in survival. Survival of chinook stocks in Oregon
coastal rivers as well'as the Columbia River were reduced by the El Nino
in 1983 (Johnson 1984). Sandercock (Pers. comm.)' indicated hatchery
stocks in British Columbia had undergone a decline during the same
period as the Columbia River fall chinook salmon. The El Nino also had
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a negativ impact on survival of hatchery stocks in southern British
Columbia. P

Benefit/Coat Estimation

Capital costs were not included in the benefit/coat analyaia because in
moat cues they were expendtd over 20 years ago and have already been
amortized. The second reason for not including capital costs is that
capitol coats cannot be recovered as long as the facilities cannot be
used for rearing some other species of higher benefit. The facilities
were COnstruCted as mitigation for Specific Species of Salmonids.
Elimination of one species would in most cases not be politically or
socially acceptable, even if that species had a poor benefit to cost
ratio in relation to another species.

The benefits are believed to be minimums because the true total catch of
salmon cannot be assessed due to the difficulty and expense of sampling
all fisheries and landing sites for salmon on the Pacific coast of North
America.

Benefit to coat ratios were not calculated for Lawis River and Speelyai .
hatcheries because the fall chinook salmon rearing program at these
facilities were experimental. Wild chinook salmon fry and fingerlings
were captured in the Lewis River with a seine and reared at the
hatcheries (McIaaac 1980). Thus costs are not equivalent to operations
at other rearing facilities. Coats of rearing fall chinook salmon at
Ringold Pond were combined with those for Priest Rapids Hatchery since
the same tag code was used for both facilities, preventing allocation of
the fishery recoveries by facility.

Comparisons of benefits among rearing facilities within and between
brood years may be somewhat misleading. In some cases, a facility may
have a greater contribution to the fisheries than another facility, but
a smaller benefit (e.g. Washougal Hatchery vs. Big White Pond, 1978
brood). In other cases, the contribution may increase from one brood to
the following brood from a single facility, but the benefit &creases
(e.g. Cowlitz Hatchery, 1979 to 1980 broods). These anomalies are a
result of the diatribution of the catch for the facilities. With the
contribution valuation method used in this report, the value of a sport
caught fish is four to five times greater than the value of a
conaercially caught fish. In the case of the Washougal vs. Big White
Pond comparison, the sport fisheries accounted for 21% of the Big White
contribution and 15% of the Washougal contribution. Thus the weighted
average value per fish was $38.92 for Big White and $32.44 for
Washougal. This resulted in a $8,100 greater benefit for Big White than
Washougal with 929 less fish in the estimated contribution to the
fisheries. Therefore, the reader must be wary of making a judgment
about facilities based solely on the estimated benefits for those
facilities.

--~--~~~-~~~~-~
' Sandercock, K. A. Department of Fisheries and Oceans, Vancouver,

B. C. Personal communication, Sept. 28, 1989.
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Comparison of benefit/coat ratios in this study with those in the 1960's
study is made difficult by the inclusion of capital costs in the
previous study, a differences in fish values, and methods of determining
these values. The average benefit/cost ratio for the 1960's study was
4.2 to 1. The ratios ranged between 2.0 to 1 to 7.2 to 1 among the four
broods. By hatchery, the ratio ranged from 0.3 to 1 for Elokomin
Hatchery (1961 brood) to 17.1 to 1 for Spring Creek Hatchery (1963
brood) (Wahle and Vreeland 1978). Thus, despite the lower catches and
survivals for the fall chinook salmon from this study, compared to the
previous study. the benefit/coat ratios were similar.

SUMMARY AND CONCLUSIONS

In 1979 a coded wire tagging study was initiated at fall chinook salmon
rearing facilities on the Columbia River system in Oregon and
Washington. The purpose of the study was to examine the diatribution,
contribution to the fisheries. survival, and value of fall chinook
salmon from these facilities. Tagging of fingerling fall chinook salmon
took place at 18 to 20 facilities each year from 1979 to 1982. Nearly
14 million tagged fish were released for the four brood years.
Approximately 4% of the production releases of fall chinook salmon were 
tagged. Tagged fish were recovered in Columbia River estuary sampling
from 1979 through 1982. Fishery recoveries and spawning returns
occurred from 1980 through 1986.

. Tagged fish from moat groups of fall chinook salmon released at
locations above the estuary sampling sites were recovered in the
estuary. Recoveries ranged from none for some groups to over 2200 for
one tagged group. Estuarine recoveries did not directly represent
numbers of fish in the river due to factors affecting catch efficiency.
These factors include size of fish at release, release location and
time, migration behavior differences among different release groups,
river flow, and survival of marked groups. Because of these factors,
estuarine recoveries were generally not an indicator of adult survival
of subyearling fall chinook salmon tagged for this study.

The fishery diatribution followed the same pattern as in past studies of
fall chinook salmon from Columbia River rearing facilities in that the
fish contributed primarily to fisheries north of the Columbia River
mouth and to commrcial gillnet fisheries in-the Columbia River. The
average fishery contribution over the four brood years was 3.6% to
Alaska. 42.4% to British Columbia, 27.0% to Washington, 4.7% to Oregon,
0.3% to California, 21.9% to Columbia River, and 0.1% incidental
recovery in foreign fisheries in the Pacific Ocean off the North
American coast. The contribution appeared to be more northerly for the
1980 and 1981 broods. This was apparently caused by institution of
quotas and reductions in fishing time in the Washington ocean fisheries
and warmer ocean water (El Nino) moving the fish farther to the north in
1982 and 1983.

The fishery contribution by age of fish is similar to that in the 1961-
through 1964-brood  study. The contribution of 3-year-old fish
predominated (64%), followed by 4-year-olds  (24%), 2-year-olds (8%). and
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5-year-olds (3%) for the 1978 through 1981 broods combined. When
rearing facilities  are grouped by release agency, the contribution by
age appears to be different for USFWS and ODFW facilities and WDF
facilities. For USFWS and ODFW facilities, the 3-year-old contribution
predominates, 78 and 77% respectively. For WDF facilities, the 4-year-
old contribution predominates, 52%. The later release and smaller size
of fish released from WDF facilities, compared to those from USFWS and
ODFU facilities, appears to reduce the length of ocean reaidence during
the first year. This shorter growth time during the first year in the
ocean may result in a smaller average size for the fish from WDF
facilities at the beginning of the second year in the ocean. The
smaller size may influence the fishery contribution by age, the ocean
distribution, and age of maturity of fish from WDF facilities.

There also appears to be a difference in contribution by age among brood
years. The contribution of 3-year-old  fish predominates in all four
broods, but the predominance declines from nearly 70% for the 1978 and
1979 broods to 55 and 61% for the 1980 and 1981 broods The
contribution of 4-year-old fish increases from about 20% for the 1978
and 1979 broods to about 30% for the 1980 and 1981 broods. The Apparent
reason for the change in contribution by age across broods is the
reduced contribution of Spring Creek Hatchery for the 1980 and 1981
broods. Spring Creek Hatchery accounted for over 50% of the total

'contribution from all Columbia River facilities for the 1978 and 1979
broods. This contribution dropped to about 20% for the 1980 and 1981
broods. Nearly 80% of the fish from Spring Creek Hatchery contribute  to
the fisheries as 3-year-olds.

The total contribution to the fisheries from facilities  involved in this
study is estimated to be 1,020,800 fish. This is an average of 2.9 fish
contributed to the fisheries for every 1000 fish released. The
contributions per 1000 releases by brood are 3.3, 4.7, 1.9, and 2.0 for
the 1978 through 1981 broods respectively. These fishery contribution
rates are lower than those reported in a study of the 1961 through 1964
broods of fall chinook salmon from Columbia River rearing facilities.
The reasons for the lower contribution for fish from this study are not
well understood. Changes in the fishery regulations reducing the
recovery of chinook salmon in some marine fisheries and a general
coastwide trend of declining survival of chinook salmon since the early

1970's both may play a part. The El Nino of 1982 and 1983 appears to
have created ocean conditions which limited the l urvival of the 1980 and
1981 broods of fall chinook salmon from Columbia River facilities.

Fishery CoWributiOM per 1000 fish releued varied widely among
facilities. The greatest contribution for any facility was 12.7 fish
per 1000 release, 1979 brood from Spring Creek Hatchery. The lowest
contribution was 0.1 fish per 1000 releases, 1978 brood from Elokomin
Hatchery. The range of contribution rates by brood are: 1978 brood -
0.1. Elokomin Hatchery to 8.6, Spring Creek Hatchery: 1979 brood - 0.3,
Little White Hatchery to 12.7, Spring Creek Hatchery: 1980 brood - 0.2,
Little White Hatchery to 7.8, Abernathy Hatchery; and 1981 brood - 0.2,
Little White Hatchery to 6.0, Sea Resources Hatchery.

For the 1978 and 1979 broods, the fishery contribution from Spring Creek
Hatchery was 55 and 52% respectively of the total contribution of fall
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chinook salmon from Columbia River rearing facilities. Releases of fall
chinook salmon from Spring Creek Hatchery represented 21 and 19% of the
total releuea for the 1978 and 1979 broods respectively. For the 1980
and 1981 broods, the contribution proportion from Spring Creek Hatchery
dropped to 19 and 25% respectively of the total recovery. The release
proportiona were 18.5 and 16% of the total releases for the 1978 and
1979 broods respectively.

Individual rearing facilities did not neceaaarily have contribution
patterns similar to the brood year averages. Six facilities  (Abernathy,
Sea Resources, Priest Rapids, Cowlitz, Elokomin, and Lower Kalama) had
their greatest contribution to the fisheries and survivals for the 1980
or 1981 broods. It is not clear why this occurred. Apparently fish
seemingly subject to the same marine conditions can have different
survivals. It is not known how factors such as size of fish at the time
of entering the ocean, conditions in the ocean upon entry, smolt status,
fish health, or differences in diatribution after the fish enter the
ocean may influence the ultimate survival of fish.

The average age at return to the rearing facilities followed a pattern
that appeared to be slightly different than the fishery contribution.
The 3-year-old  returns predominated (46%), but not by as great a margin;
The proportion of 2-year-old returns is 41%, followed by 2-year-olds  at _
7%, and 5-year-olds at 6%. By brood year, the 3-year-old returns
predominate for the 1978 and 1979 broods, the 3- and 4-year-old return
proportiona are about equal for the 1980 brood, and the 4-year-old
returns predominate for the 1981 brood. A factor in the difference
between age proportions in the fishery contributions and at return is
likely a difference in sampling schemes. The fisheries were sampled
randomly at a 15% to 20% rate. In moat cues, all the returns to a
rearing facility were sampled for tagged fish. Sampling of returns to
adjacent streams consisted of examining all fish that could be found.
Other factors which may have contributed to the apparent differences in
ages of contribution and return are: 1) inability of fish to return to
some facilities at times of low stream flow, 2) inefficiency of some
adult trapping facilities in capturing the smaller returning 2- and 3-
year-old fish, 3) straying of returns to adjacent streams where only
observed recoveries were used as return numbers, and 4) the potential
for fishery selectivity.

There is in some cues substantial straying of fall chinook salmon among
the facilities involved in this study and to adjacent streams. In
several cues the rate of straying was greater than 208% There are a
number of potential reasons for the apparent high rates of straying.
Fall chinook salmon in the Columbia River return to spawn in August and
September when tributary streams are at their lowest flows. Low flows
in streams  where rearing facilities are located may cause returning fish
to seek other spawning sites. The release environment may influence the
homing imprint process. The greatest amount of straying appeared to
occur among rearing facilities releasing into or just above the Columbia
River estuary. The influence of the tidal fluctuations in the estuary
may muddle the homing imprint process. Delay caused by Bonneville Dam
is a probable reason for some straying. The ability to specifically
identify fall chinook salmon for individual rearing facilities  with a
coded wire tag may have revealed straying rates which could not be
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identified in put studies using fin marks Poor placement of taga in
the smallest fish might have caused olfactory nerve damage in some fish.
This could have altered the homing behavior of these fish.

Total survival (fishery COntributi0n.s and escapement to rearing
facilities and adjacent streams) for all four broods combined is 0.33%.
By brood the survivals are 0.33%, 0.46%. 0.28%. and 0.25% for the 1978
through 1981 broods respectively. Survivals among facilities across all
broods ranged from a low of 0.01% for Elokomin Hatchery, 1978 brood, to
a high of 1.47% for Spring Creek Hatchery, 1979 brood. It is not clear
why the fishery contribution is higher for the 1981 brood than for the

1980 brood considering the survival for the 1981 brood is lower than
that for the 1980 brood.

As with the fishery contributiona, the survivals of fall chinook salmon
from this study were lower than those estimated for the 1961- through
1964-brood study. This was unexpected because the fish from this study
were releued at a larger size and thought to have been reared under
better rearing conditiona than those from the earlier study. However,
survival reductiona of fall chinook salmon have been noted by others on
the Pacific coast over the past 15 to 20 years.

The total coat of rearing the 1978 through 1981 broods of fall chinook 
salmon for Columbia River rearing facilities is $6,334000. The total
benefit of the fishery recoveries of these fish is estimated at
$36,242,200. Thus the average benefit to coat ratio for all rearing
facilities and all brood years combined is 5.7 to 1. The range among
broods is 2.5/l to 9.8/l. The range among rearing facilities across all
broods is 0.1/l to 26.6/l. The benefits for the rearing facilities
involved in this study are believed to be minimums for three reason
Not every release group from every facility was repreaented by tagged
fish. Some tagged groups were released from some facilities for
purposes other than the contribution study. These groups were not
included in the benefit analysis. The fishery contribution estimates
are believed to be minimums because the Alaska marine sport fishery was
not sampled for tagged fish and the tag recoveries in the British
Columbia sport fishery could not be expanded to the total catch. There
is a potential for recoveries of fall chinook salmon from Columbia River
rearing facilities in both these fisheries.

This study vu not designed to identify the factors which may lead to
various rates of fishery contribution and survival. The purpose of the
study vu to determine what the fishery contribution rates and survival
were for various brood years and rearing facilities and indicate if
these rates differ among brood years and facilities. The data from this
study indicate that fishery contribution and survival differ among brood
years. Conditions in the ocean environment may be a major reason for
these differences. The data also indicate that the conditions affecting
fishery contribution and survival in a release year do not affect fall
chinook salmon from all rearing facilities on the Columbia River in the
same manner. For example, groups of fish with the same health,
physical, and physiological status reaching the estuary, Columbia River
Plume, and near shore ocean at different times, might be subject to
different environmental conditions. These different conditions may
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cause differences in survival. Groups of fish with different health,
physical, and physiological l tatus may survive at different rates even
though the environmental conditions are the same in the estuary, plume,
and near shore ocean.

There is much analysis that could yet be done with the data collected
for this study. Fishery contributions and survivals of individual
release groups within a rearing facility are not analyzed in this
report. Van Hyning (1973) and Fresh, Schroder. and Shepard (1987) ran
correlations of factors which may affect survival of fall chinook salmon
from Columbia River rearing facilities. This type of analysis could
also be attempted with the data from this study. All of the rearing,
release, and recovery data are available on computer to those who may
have the inclination, time, and resources to undertake further analysis.

It is the authors opinion that a correlation of survivals with.various
available rearing, release, and river, estuary, and wean conditions
would be an interesting  pursuit, but this analysis would not yield
definitive answers to the reasons for the aurvivala. There are certain
pieces of data which are limited or not available. These data may play
a critical roll in the survival of fall chinook salmon. For example,
limited disease data are available in Appendix A. However, the data
only tell when a disease was detected and what treatment vu used. They
do not necessarily indicate the health of the fish at release or the .
health in comparison to fish in which no or less diaease vu detected.
Despite years of research, there is yet no way to quantify the health of
fish released from rearing facilities. Other pieces of limited or
missing data are the smolt status at release; time of Columbia River
plume and/or ocean entry; food availability in the estuary, Columbia
River plume, and ocean at and after the time of entry into these
environments; the types and numbers of competitors and predators in the
estuary, Columbia River plume, and near shore ocean; and survival rates
of juvenile fish in the estuary, Columbia River plume, and during early
ocean life. Without complete data for these factors, the value of a
survival correlation may be limited.
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Adminiatration,  provided the funds necessary to conduct this study.
Many individuala are required to conduct a study of this magnitude. It
is difficult to express my thanks to each individual having a part in
the development, conduct, and reporting phases of this study. My
apologies to anyone I may have inadvertently overlooked. My sincerest
appreciation is expressed to hatchery personnel at UDF, ODFW, and USFWS
facilities participating in this study. Roy Wahle and Don Worlund,
formerly with NRFS, deserve credit for assistance with study design.
Bill Hopley, Robert Foster, Paul Seidel, Andy Appleby, Howard Fuss, Gary
Sherman, Wolf Daamers.with WDF; Harold Hansen, Dennis Isaac, Ron
Willams, with ODFW; Steve Olhauaen, Craig Tuaa, with USFWS; and Jim
Ceballoa, with RHFS all deserve special recognition for their parts in
conducting this study. I am especially grateful to Robert 2. Smith,
IWFS who constructed the tagging trailer used for much of the fish
tagging in this study, designed the data base containing all the
rearing, release, recovery, and return data, and provided constant
aaaiatance  with computer operation. The assistance of Martha Maten in
data compilation and Jane Rucka, NMFS. in preparation of annual reports
and draft text is also greatly appreciated. Earl Dawley, Richard
Ladgerwood, and Wally Zaugg, NOM Northwest Fisheries Center; and
Bill Hopley, WDF, provided helpful editorial comment.
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